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THE    HEAD.' 


In  a  recently  published  work  the  writer  of  this  article 
has  given  an  account  of  investigations  made  by  him  on  the 
temperature  of  the  head,  extending  almost  uninterruptedly 
over  a  space  of  more  than  two  years.*  In  these  investiga- 
tions the  surface  of  the  head  was  divided  by  measurement 
into  a  number  of  small  spaces  (eighty-eight  on  each  side), 
which  were  examined  separately  and  by  comparison  with  each 
other.  Both  thei'mometers  and  thermo-electric  apparatus 
were  employed  in  the  experiments,  the  chief  reliance,  how- 
ever, being  placed  on  thermo-electric  apparatus,  as  in  the 
use  of  thermometers — among  other  sources  of  error — the 
temperature  of  the  superficial  vessels  of  the  integu- 
ment influences  the  result,  the  pressure  of  the  instrument 
not  being  sufficient  to  empty  these  vessels,  which  can  readily 
be  compressed  by  the  firm  application  of  suitably  constructed 
thermo-piles.  It  was  found  in  these  experiments,  among 
other  results,  that  every  one  of  the  small  divisions  of  the 
surface  of  the  head  might  be  hotter  on  the  right  side  or  on 
the  left  side  in  turn,  and  also  that  many  of  them  showed  at 
times  equality  of  temperature  of  the  two  sides.  In  this 
absence  of  a  constant  superiority  of  temperature  on  one  side, 
the  writer^s  results  were  in  opposition  to  those  of  M.  Broca, 
Dr.  Gray,  and  MM.  M^agliano,  and  Seppilli,  who  came 
to  the  conclusion  that  the  left  side  has  uniformly  the  higher 
temperature. 

*  '  Experimental   Researches   on   the   Regional   Temperature  of   the   Head.' 
London  1879. 


Now  the  idea  long  ago  suggested  itself  to  the  writer  that 
the  degree  of  absolute  temperature  of  the  parts  examined 
might  have  something  to  do  with  the  presence  on  the  right 
side  at  one  time,  and  on  the  left  side  at  another  time,  of 
superiority  of  temperatui-e,  or  again,  with  the  presence,  at 
certain  times,  of  equality  of  temperature.  In  fact,  a  con- 
siderable number  of  observations  seemed  to  show  that  near  the 
higher  limit  of  range  of  absolute  temperature  equality  and 
superiority  of  temperature  of  the  left  side  prevailed,  while 
superiority  of  temperature  of  the  right  side  was  the  most 
frequent  condition  at  a  lower  absolute  temperature. 

To  understand  the  different  circumstances  under  which 
the  temperatures  of  two  parts  may  vary,  so  as  to  leave  each 
one  in  turn  warmer  than  the  other,  let  us  imagine  a  con- 
dition of  things  such  as  the  following  : — Suppose  that 
of  the  two  parts  compared,  one,  "  a/'  is,  in  the  first  place 
warmer,  and,  in  the  second  place,  cooler  than  the  other, 
"  b.'^  When,  in  the  second  instance,  "  b  '^  surpasses 
"  a  "  in  temperature,  one  of  five  things  may  have  occurred, 
namely: — First,  "h''  may  have  risen  in  temperature  in 
a  degree  exceeding  the  difference  between  it  and  "a,/* 
the  temperature  of  the  latter  remaining  constant;  second, 
"  a "  may  have  fallen  below  the  level  of  "  h,"  the  tempera- 
ture of  the  latter  being  unaffected ;  third,  both  parts  may 
have  risen  in  temperature,  "  b,'^  however,  rising  in  a  suffi- 
ciently greater  degree  than  "  a ''  to  attain  a  higher  final 
level  than  the  latter  j  fourth,  both  parts  may  have  fallen  in 
temperature,  the  fall  of  "  a  '•'  being,  however,  sufficiently 
greater  than  that  of  "h,"  to  leave  the  former  at  the  lower 
final  level ;  fifth,  "  a  "  may  have  fallen  and  "  b  "  have  risen 
in  temperature,  the  fall  and  rise  being  sufficient  to  leave  "  b  '* 
at  the  higher  final  level. 

If  we  regard  the  thermal  values  of  "  a ''  and  "  b  "  as  re- 
presented in  the  first  place,  by  the  temperatures  35*1°  C,  and 
35°  0.  respectively,  the  following  will  represent  the  changes 
specified  : 

1st  Instance.  2nd  Instance.  3rd  Instance. 


((  ^  }}  cc  -u  >) 


a 


b"  "a"  "h"  "s,"         "h 


35-1°  C.     35°  0.  35-1°  a     36-2°  0.  34'9°  C.     35°  0. 


4th  Instance. 


5th  Instance 

, ' 

"a" 


35-2°  0.    35-3°  C.      34-8°  0.     34-9°  C 


6  th  Instance. 
f -^ , 

34-95°  0.    35-05°  0. 


In  all  these  instances  the  initial  difference  of  0*1°  0. 
between  the  two  parts  is  preserved. 

Suppose,  now,  that  in  a  given  number  of  observations  "  a  " 
is  found  to  be  the  warmer  by  0-1°  0.  with  an  absolute  tem- 
perature of  35*1°  C,  while  in  another  set  of  observations  "  b  " 
is  found  to  be  the  warmer  by  0-1°  0.  with  an  absolute  tem- 
perature of  34*]°  C.  If  these  observations  were  sufficiently 
numerous  the  inference  would  be  that  "  a  "  has  usually  the 
greater  range  of  temperature  of  the  two  parts,  rising  higher 
and  falling  lower  than  "  h."  In  rising  and  falling  between 
the  above  extremes  a  point  must  be  touched  at  which  "  a  " 
and  "  b  "  have  the  same  temperatures.  This  point  may,  of 
course,  be  nearer  either  one  of  the  extremes  or  midway 
between  them.  Above  the  neutral  point  ''  a^"  would  have 
the  higher  temperature,  while  below  this  point  "  b  "  would 
be  the  warmer.  But  between  the  two  extremes  the  position 
of  superior  temperatui'e  may  alter  more  than  once,  and  thus 
more  than  one  neutral  point  may  occur. 

The  following  arrangement  of  thermometric  values  would 
represent  such  a  condition  of  things  as  that  alluded  to.  The 
"  plus "  sign  is  placed  opposite  the  higher  of  the  two 
values  compared,  and  "  zero "  opposite  equal  values  or 
neutral  points. 


"a" 

"b" 

+  35-1°  C.      . 

.     35°  0. 

0     .     . 

34-75°  C.    . 

.     34-75°  C. 

.     .     0 

34-40°  0.   . 

.     .     34-50°  0.+ 

0     .     . 

34-35°  C.   .     . 

.     34-35°  C. 

.     .     0 

+  34-35°  0.    . 

.     34-25°  C. 

0     .     . 

34-20°  C.    . 

.     34-20°  C.        .     . 

.     0 

.   34-00°  0.    . 

.     .     34-10°  0.+ 

Here  we  have  the  higher  temperature  twice  in  favour  of 
each  part,  with  three  neutral  points. 

But  although  the  neutral  point  must  necessarily  be  touched 
at    each    reversal    of  position    of  the    higher    temperature. 
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yet  it  by  no  means  follows  that  the  temperatures  of  the  two 
parts  remain  equal  sufficiently  long  to  enable  one  to  prove 
the  existence  of  neutrality  with  the  instruments  ordinarily 
used.  The  duration  of  the  condition  of  equality  may  be  too 
brief  to  be  noticeable  except  by  means  of  delicate  self- 
registering  appliances.  It  must,  moreover,  be  borne  in  mind 
that  equality  of  temperature  is,  at  best,  a  relative  condition 
depending  upon  the  delicacy  of  the  mea.ns  of  investigation 
employed  ;  thus — other  things  remaining  the  same — equality 
would  naturally  be  found  more  frequently  with  instru- 
ments incapable  of  testing  difference  of  temperature  less  than 
0*1°  C.  than  with  those  capable  of  testing  differences  of 
0'05°  0.  Further,  the  neutral  point  may  be  touched  and 
held  sufficiently  long  for  satisfactory  verification  without 
subsequent  reversal  of  the  position  of  higher  temperature 
ensuing.  Again,  the  writer  has  called  attention,  in  the 
work  already  cited,  to  the  curious  absence  of  any  definite 
connection  between  the  frequency  of  occurrence  of  neutrality 
or  of  superiority  of  temperature  on  a  side,  in  the  comparison 
of  two  parts,  and  the  average  thermometric  difference 
displayed  by  these  two  parts.  Thus,  two  parts  with  a  com- 
paratively slight  average  difference  of  temperature,  being 
thus,  as  it  were,  constantly  on  the  verge  of  equality  or  of  a 
change  of  position  of  higher  temperature  from  one  side  to 
the  other,  may  yet  seldom  show  equality  or  a  change  of  the 
position  of  higher  temperature  from  one  side  to  the  other, 
while  two  other  parts,  with  a  much  greater  average  difference 
of  temperature,  may  more  frequently  show  equality  or  a 
change  in  the  position  of  superiority  of  temperature  from 
one  side  to  the  other.  For  example,  two  parts,  "a"  and 
"  b,^''  with  an  average  difference  of  temperature  of  0'05^  0., 
may  show  80  per  cent,  of  cases  of  higher  temperature  for 
"  a,/'  19  per  cent,  of  cases  of  higher  temperature  for  "  b," 
and  1  per  cent,  of  cases  of  equality  of  temperature ;  while 
two  parts,  ''  c "  and  ''  d,"  with  an  average  difference  of 
temperature  of  0*2°  C,  may  show  50  per  cent,  of  cases  of 
higher  temperature  for  "  c/'  38  per  cent,  of  cases  of  higher 
temperature  for  "  d/'  and  12  per  cent,  of  equality  of  tem- 
perature. These  facts  show  that  the  variations  of  tempera- 
ture  with    which   wf»   are    concerned   are,   in  a  considerable 


measure  at  leasts  not  simply  tlie  result  of  steady  and  gradual 
rises  and  falls  of  temperature,  differing  slightly  in  degree  in 
the  two  parts  compared,  due  to  regular  alterations  in  the 
rate  of  calorific  production  alone,  but  that  the  furnaces, 
which  we  may-  suppose  the  parts  to  represent,  are,  in  many 
cases  at  any  rate,  liable  to  sudden  and  decided  interferences 
with  their  ordinary  action,  causing  rapid  and  irregular 
exaltations  and  depressions  of  their  powers,  and  this  in  each 
part  independently  of  the  other.  Thus,  it  is  evident  that  in 
the  case  of  "  c  "  and  "  d  "  given  above,  in  order  to  furnish 
such  relative  percentages  of  those  set  forth,  quick  rises  or 
falls  of  temperature  of  0*2°  C,  at  the  least,  must  have 
occurred,  every  time  equality  ensued  this  difference  having 
to  be  made  up,  and,  of  course,  a  still  greatest  deficit  having 
to  be  supplied  with  each  reversal  of  the  position  of  higher 
temperature. 

If  the  extreme  limits  of  thermal  range,  beyond  which  no 
rise  or  fall  can  normally  occur,  be  the  same  or  nearly  the 
same  in  the  two  parts  compared,  it  follows,  of  course,  that,  in 
a  united  rise  or  fall  of  temperature  in  both  parts,  as  these 
limits  are  approached  the  average  degree  of  difference  of 
temperature  would  naturally  tend  to  diminish,  until  finally, 
when  the  bounds  were  reached,  either  equality  would  be  pre- 
sent, or  a  minimum  difference  of  temperature  in  favour  of 
that  particular  part  the  extreme  thermal  limit  of  which  had 
the  highest  absolute  level.  But  even  with  the  extreme 
limits  nearly  the  same,  and  with  a  united  rise  or  fall  in  the 
two  parts  towards  a  higher  or  lower  general  level,  this  rise 
or  fall  may  be  very  unequal  in  the  two  parts  at  different 
periods,  and  thus  not  only  may  frequent  shiftings  of  the 
position  of  higher  temperature  from  one  side  to  the  other 
occur,  but  also  all  shades  of  difference  of  temperature  may 
be  found  at  different  levels,  according  as  the  rate  of  rise  or 
fall  varies  in  the  two  parts  independently  of  each  other. 
Therefore,  in  the  hypothetical  case  given  on  page  5,  of  a  rise 
from  34°  C.  to  35*1°  C,  the  uniform  difference  of  temperature 
of  0"1°  C,  given  for  the  sake  of  simplification,  would  not 
probably  be  maintained  throughout ;  but  although,  as  the 
general  level  rose  the  average  difference  might  diminish,  yet 
even  almost  to  the  extreme  upper  limit — supposing  the  rise 
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to  pass  decidedly  above  35"1°  C. — irregular  variations  miglit 
bring  about  as  great  differences  as  those  found  at  the  lower 
levels. 

Such  being  a  general  idea  of  the  conditions  under  which 
the  temperatures  of  two  parts  may  alter  so  as  to  leave  each 
part  at  certain  times  superior  in  temperature  to  the  other, 
or  again,  at  other  times,  both  parts  equal  in  temperature,  let 
us  see  what  the  results  of  our  investigations  show  with  regard 
to  the  influence  of  the  degree  of  absolute  temperature  of 
the  head  on  the  frequency  of  occurrence  of  superiority  of 
temperature  on  a  given  side  or  of  equality  of  temperature  of 
the  two  sides. 

In  the  present  article  the  writer  proposes  to  analyse  the 
results  of  some  6000  observations  bearing  on  the  questions 
in  hand.  These  observations  are  contained  in  four  tables, 
constituting  each  a  separate  and  distinct  set  of  experiments. 
The  experiments  were  made  on  three  subjects,  the  mental  and 
physical  conditions  of  whom  were  thoroughly  known  to  the 
experimenter,  and  under  circumstances  where  all  external 
influences  likely  to  affect  the  results  were  under  careful 
supervision.*  The  division  of  the  results  into  the  four  tables 
is  purely  accidental,  depending  simply  on  the  fact  that  the 
observations  were  made  at  different  periods,  each  period  cor- 
responding to  the  contents  of  a  table.  Each  table,  there- 
fore, represents  an  independent  series  of  experiments  cover- 
ing the  greater  part  of  the  different  absolute  temperatures 
which  are  found  normally  in  the  portion  of  the  head  examined. 

The  part  of  the  head  examined  lies  back  of  the  external 
angular  process,  and  is  thus  bounded  : — Anteriorly,  by  the 
external  angular  process,  the  frontal  process  of  the  malar 
bone,  and  by  a  line  drawn  upward  from  the  external  angular 
process  parallel  to  the  general  plane  of  the  forehead ;  poste- 
riorly, by  a  line  drawn  upward  from  the  zygomatic  process 
of  the  temporal  bone  parallel  to  the  anterior  boundary  line, 
and  at  a  distance  from  it  of  37  mm.  j  superiorly,  by  a  hori- 
zontal line  drawn  on  a  level  with  the  summit  of  the  super- 
ciliary arch  ;   inferiorly,  by  the  zygomatic  processes   of  the 

*  The  writer  has  elsewhere  laid  much  stress  on  the  importance  of  this  intimate 
knowledge  of  the  subject  of  experiment,  and  of  the  physical  surroundings  in 
which  such  experiments  are  made. 


malar  and  temporal  bones.  The  tract  thus  marked  off 
includes  of  the  writer^s  abitrary  subdivisions,  the  5th  district, 
1st  tier,  anterior  region,  and  the  1st  district,  1st  tier,  middle 
region,  and  covers  the  "  frontal  station  "  of  Broca,  adopted 
also  by  Glray  and  by  Marigliano  and  Seppilli. 

In  making  the  experiments,  the  absolute  temperature  of 
one  side — usually  the  left  side — was  first  obtained,  sometimes 
with  the  thermometer,  and  sometimes  with  thermo-electric 
apparatus;  the  difference  of  temperature  between  the  two 
sides  was  then  taken,  always  using  for  this  purpose  thermo- 
electric apparatus,  and  this  difference,  added  to  or  deducted 
from  the  absolute  temperature  first  obtained,  gave  the  absolute 
temperature  of  the  second  side.  After  a  certain  number  of  com- 
parisons the  absolute  temperature  of  the  first  side  was  again 
tested,  and  the  averages  obtained  from  tlie  several  examina- 
tions taken  to  represent  the  results  of  that  particular  set  of 
observations.  The  method  of  taking  the  absolute  tempera- 
ture by  thermo-electric  means,  although  open  to  objections 
obvious  to  those  accustomed  to  such  investigations,  is  yet, 
in  experienced  hands,  on  the  whole  more  satisfactory  in  work 
like  the  present  than  the  use  of  the  thermometer ;  for  the 
former  method  can  be  conducted  rapidly  and  repeated  fre- 
quently, while  the  latter  requires  a  far  greater  length  of  time, 
during  which  no  comparisons  of  the  two  sides  can  be  made, 
and,  moreover,  by  the  covering  up  of  the  part  by  the  appli- 
ances necessary  to  protect  and  keep  in  place  the  bulb  of  the 
thermometer,  augments  the  temperature  of  the  part. 

It  will  be  observed  in  the  tables,  that  the  number  of 
observations  belonging  to  each  absolute  temperature  is  either 
fifteen  or  some  product  of  this  number.  The  reason  of  this 
is  as  follows.  The  object  of  the  investigations  was  to  find, 
in  the  case  of  each  absolute  temperature,  which  of  the  three 
conditions,  namely,  superiority  of  the  right  side,  superiority 
of  the  left  side,  or  equality  of  the  two  sides,  was  most  fre- 
quently present.  Now,  suppose  an  examination  at  a  given 
time,  with  an  absolute  temperature  of  34*5°  C.  (92*1°  F.)  on 
the  left  side,  shows  the  right  side  to  be  the  hotter  by  0*1°  C. 
(0"18°  F.).  Continuing  to  compare  the  two  sides  with 
thermo-piles,  we  might  go  on  for  half  an  hour  or  an  hour, 
still  finding  the  right  side  the  warmer  by  an  amount  equal 
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to,  or  a  little  more  or  less  than,  tliat  first  found ;  but  the 
number  of  comparisons  which  could  be  made  in  the  times 
specified  might  vary  greatly  at  different  periods  and  under 
different  circumstances.  A  number  of  experimental  condi- 
tions beyond  the  control  of  the  experimenter  influence  the 
rapidity  with  which  such  observations  can  be  made.  At  one 
time  the  experimenter  might  proceed  at  the  rate  of  an 
observation  every  half  minute,  while  at  another  time  several 
minutes  might  be  spent  with  no  certain  result,  and  yet  no 
change  might  have  occurred  in  the  relative  temperatures  of 
the  parts  compared.  It  would  be  out  of  place  and  occupy 
too  much  space  to  deal  here  with  these  causes  of  interference, 
which  have,  moreover,  been  fully  considered  by  the  writer  in 
the  work  alluded  to ;  it  suffices  to  say  that,  through  them, 
the  number  of  observations  which  can  be  made  in  a  given 
time  may  be  decidedly  affected.  While,  therefore,  in  half 
an  hour,  on  one  occasion,  with  the  absolute  temperature 
34'5°  0.  (92'1°  F.),  we  might  obtain  sixty  results  in  favour 
of  the  right  side,  in  the  same  time,  with  the  same  tempera- 
ture, on  another  occasion,  the  superiority  being  now  on  the 
left  side,  we  might  obtain  but  fifteen  results  in  favour  of  the 
latter  side.  Now  to  say  that,  at  the  particular  temperature 
in  question,  the  percentages  of  times  of  occurrence  of  supe- 
riority of  temperature  of  the  right  and  left  sides  are  respec- 
tively 80  and  20,  as  the  above  results  would  indicate,  would 
be  to  commit  an  obvious  error. 

The  method  pursued  in  these  investigations  was  : — After 
finding  the  absolute  temperature  of  one  side,  to  make  fifteen 
careful  comparisons  of  the  two  sides.  If  the  results  of  these 
comparisons  were  uniformly  in  favour  of  a  single  side  or  of 
equality,  and  if,  in  the  former  case,  the  differences  of  tem- 
perature noted  were  pretty  nearly  the  same,  the  results  were 
set  down  as  so  many  observations  for  that  particular  absolute 
temperature.  Nothing  more  was  recorded  for  the  time,  but 
the  temperature  was  tested  at  short  intervals  to  see  if  any 
change  occurred  either  in  the  absolute  temperature  of  the 
side  first  examined,  or  in  the  relative  temperatures  of  the 
two  sides.  If  the  absolute  temperature  changed,  of  course 
a  new  series  of  observations  were  made,  and  fifteen  results 
were  recorded  for  this  new  temperature.      The  same  course 
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was  pursued  if  the  position  of  higlier  temperature  changed 
sides,  or  if  equality  was  substituted  for  superiority  of  a  side, 
or,  finally,  if  the  difference  of  temperature  between  the  two 
sides  underwent  any  decided  change.  But  if  no  change 
occurred  in  the  space  of  three  quarters  of  an  hour,  fifteen 
more  resiilts,  taken  from  those  meanwhile  made,  were  added  ; 
and  so  on  until  a  change  occurred.  If,  on  the  other  hand, 
at  the  start,  during  the  first  fifteen  observations,  any  decided 
change  took  place,  such  as,  for  example,  a  reversal  of  the 
position  of  higher  temperature,  the  course  adopted  was 
governed  by  the  number  of  observations  already  made.  If 
only  two  or  three  of  the  fifteen  observations  had  been  made 
the  results  were  ignored.  If  only  the  same  number  were 
wanting  to  make  up  the  fifteen,  the  full  complement  was 
counted  as  made.  If  half,  or  about  half,  of  the  full  number 
had  been  made,  they  were  put  aside  to  be  used  to  the  credit 
of  the  particular  condition  which  they  represented  in  some 
future  set  of  observations  in  which  the  same  absolute  tem- 
perature existed,  thus  going  to  make  up  another  complement 
of  fifteen.  As  a  rule,  however,  the  entire  fifteen  observa- 
tions were  completed  at  one  time  without  interruption. 

We  will  now  proceed  to  examine  the  tables. 

Each  table  is  divided  into  two  paints.  The  first  part  com- 
prises those  cases  in  which  the  higher  of  the  two  tempera- 
tutes  compared  is  35°  0.  (95°  F.),  or  above  that  point;  and 
the  second  part  comprises  those  cases  in  which  the  higher 
of  the  two  temperatures  compared  is  below  35°  C.  The  first 
two  columns  consist  of  the  absolute  temperatures  of  the  two 
sides ;  the  figures  of  the  third  and  fourth  columns  are  the  dif- 
ferences of  temperature  in  favour  of  one  side  or  the  other  as  the 
case  maybe;  the  fifth  column  gives  the  number  of  observations, 
and  the  sixth  column  indicates  whether  the  results  are  in  favour 
of  the  right  side,  or  of  the  left  side,  or  of  equality  of  the  two 
sides. 

The  tables  will  be  analysed  in  two  principal  ways  : — First, 
by  comparing  the  percentages  of  frequency  of  occurrence  of 
the  conditions  of  right  and  left  superiority  of  temperature 
and  of  equality  of  temperature  respectively,  in  the  two  parts 
into  which  each  table  is  divided  ;  and,  second,  by  comparing 
the  average  absolute  temperatures  of  the  three  conditions. 
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Table  1. 


1st  Paet. — Cases  where  the  higlier  of  the  two  temperatures 
compared  is  35°  C.j  or  above  that  point. 


Absolute  temperatares. 

Differences  of  temperature. 
In  favour  of 

A 

Number 
of  obser- 
vations. 

Result  in 
favour  of 

Left  side. 

^ 
Right  side. 

r 
Left  side. 

Right  side. 

1                   \ 

35-90000°  C. 

36-12500°  C. 

0 

0-22500°  C. 

15 

Right  side 

35-90000°  C. 

35-97500°  C. 

0 

0-07500°  C. 

>> 

„ 

35-90000°  C. 

35-90000°  C. 

0 

0 

» 

Equality- 

35-90000°  C. 

35-67500°  C. 

0-22500°  C. 

0 

j> 

Left  side 

35-80000°  C. 

85-95000°  C. 

0 

0-15000°  C, 

») 

Right  side 

35-75000°  C. 

35-90000°  C. 

0 

0-15000°  C. 

ji 

jj 

35-75000°  C. 

35-75000°  C. 

0 

0 

j> 

Equality 

35-75000°  C. 

35-67500°  C. 

0-07500°  C. 

0 

Left  side 

35-70000°  C. 

35-81250°  C. 

0 

0-11250°  C. 

jj 

Right  side 

35-70000°  C. 

35-70000°  C. 

0 

0 

ij 

Equality 

35-70000"  C. 

35-51250°  C. 

0-18750°  C. 

0 

» 

Left  side 

35-60000°  C. 

35-90000°  C. 

0 

0-30000°  C. 

jj 

Right  side 

35-60000°  C. 

35-77490°  C. 

0 

0-17490°  C. 

jj 

» 

35-55000°  C. 

35-66250°  C. 

0 

0-11250°  C. 

« 

„ 

35-55000°  C. 

35-55000°  C. 

0 

0 

Equality 

35-55000°  C, 

35-47500°  C. 

0-07500°  C. 

0 

„ 

Left  side 

35-50000°  C. 

35-65000°  C. 

0 

0-15000°  C. 

30 

Right  side 

35-50000°  C. 

35-45000°  C. 

0-05000°  C. 

0 

15 

Left  side 

35-50000°  C. 

35-05000°  C. 

0-45000°  C. 

0 

M 

jj 

35-45000"  C. 

35-45000°  C. 

0 

0 

»» 

Equality 

35-40000°  C. 

35-17500°  C. 

0-22500°  C. 

0 

)J 

Left  side 

35-40000°  C. 

35-62500°  C, 

0 

0-22500°  C. 

» 

Right  side 

35-40000°  C. 

35-47500°  C, 

0 

0-07500°  C. 

» 

jj 

35-40000°  C. 

35-40000°  C. 

0 

0 

>J 

Equality 

35-25000°  C. 

35-32500°  C. 

0 

0-07500°  C. 

>» 

Right  side 

35-25000°  C. 

35-25000°  C. 

0 

0 

Equality 

35-20000°  C. 

35-42500°  C. 

0 

0-22500°  C. 

„ 

Right  side 

35-20000°  C. 

35-20000°  C. 

0 

0 

60 

Equality 

35-20000°  C. 

35-35000°  C, 

0 

0-15000°  C. 

15 

Right  side 

35-20000°  C. 

34-93750°  C. 

0-26250°  C. 

0 

99 

Left  side 

35-15000°  C. 

35-18750°  C. 

0 

0-03750°  C. 

)> 

Right  side 

35-15000°  C. 

35-15000°  C. 

0 

0 

» 

Equality 

35-10000°  C. 

35-21250°  C. 

0 

0-11250°  C. 

JJ 

Right  side 

35-10000°  C. 

35-25000°  C. 

0 

0-15000°  C. 

30 

,j 

35-10000°  C. 

35-10000°  C. 

0 

0 

15 

Equality 

35-05000°  C. 

35-23750°  C. 

0 

0-18750°  C. 

jj 

Right  side 

35-05000°  C. 

34-90000°  C. 

0-15000°  C. 

0 

» 

Left  side 

35-00000°  C. 

35-15000°  C. 

0 

0-15000°  C. 

j> 

Right  side 
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Table  1. 

2nd  Pakt. — Cases  where  the  higher  of  the  two  temperatures 
compared  is  below  35°  C. 


Absolute  temperatures. 

A 

Differences  of  temperature. 
In  favour  of 

Number 
of  obser- 
vations. 

Result  in 
favour  of 

1 

Left  side. 

Right  side. 

f 
Left  side. 

Eight  side. 

34-90000°  C. 

34-90000°  C. 

0 

0 

15 

Equality 

34-90000°  C. 

34-72501°  C. 

0-17499°  C. 

0 

30 

Left  side 

34-80000°  C. 

34-95000°  C. 

0 

0-15000°  C. 

15 

Right  side 

34-80000°  C. 

34-87500°  C. 

0 

0-07500°  C. 

„ 

,j 

34-80000°  C. 

34-80000°  C. 

0 

0 

„ 

Equality 

34-80000°  e. 

34-65000°  C. 

0-15000°  C. 

0 

„ 

Left  side 

34-75000°  C. 

34-97500°  C. 

0 

0-22500°  C. 

» 

Right  side 

34-75000°  C. 

34-75000°  C. 

0 

0 

» 

Equality 

34-65000°  C. 

34-53750°  C. 

0-11250°  C. 

0 

j^ 

Left  side 

34-60000°  C. 

34-71250°  C. 

0 

0-11250°  C. 

» 

Right  side 

34-60000°  C. 

34-52500°  C. 

0-07500°  C. 

0 

71 

Left  side 

34-60000°  C. 

34-60000°  C. 

0 

0 

Equality 

34-60000°  C. 

34-24000°  C. 

0-36000°  C. 

0 

30 

Left  side 

34-55000°  C. 

34-77500°  C. 

0 

0-22500°  C. 

15 

Right  side 

34-55000°  C. 

34-75625°  C. 

0 

0-20625°  C. 

jj 

jj 

34-55000°  C. 

34-55000°  C. 

0 

0 

30 

Equality 

34-55000°  C. 

34-32500°  C. 

0-22500°  C. 

0 

15 

Left  side 

34-40000°  C. 

34-55000°  C. 

0 

0-15000°  C. 

jj 

Right  side 

34-40000°  C. 

34-40000°  C. 

0 

0 

s> 

Equality 

34-40000°  C. 

34-10000°  C. 

0-30000°  C. 

0 

„ 

Left  side 

34-30000°  C. 

34-46249°  C. 

0 

0-16249°  C. 

30 

Right  side 

34-30000°  C. 

34-30000°  C. 

0 

0 

15 

Equality 

34-25000°  C. 

34-10000°  C. 

0-15000°  C. 

0 

jj 

Left  side 

34-20000°  C. 

34-47000°  C. 

0 

0-27000°  C. 

30 

Right  side 

34-20000°  C. 

34-27500°  C. 

0 

0-07500°  C. 

15 

» 

34-20000°  C. 

34-20000°  C. 

0 

0 

45 

Equality 

34-20000°  C. 

33-70002°  C. 

0-49998°  C. 

0 

30 

Left  side 

34-15000°  C. 

34-45000°  C. 

0 

0-30000°  C. 

15 

Right  side 

34-10000°  C. 

34-10000°  C. 

0 

0 

>j 

Equality 

34-05000°  C. 

33-80001°  C. 

0-24999°  C. 

0 

}y 

Left  side 

33-95000°  C. 

34-40000°  C. 

0 

0-45000°  C. 

it 

Right  side 

33-65000°  C. 

33-95000°  C. 

0 

0-30000°  C. 

?> 

33-45000°  C. 

33-75000°  C. 

0 

0-30000°  C. 

jj 

33-10000°  C. 

33-02500°  C. 

0-07500°  C. 

0 

J, 

Left  side 

33-10000°  C. 

33-32500°  C. 

0 

0-22500°  C. 

J> 

Right  side 
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Table  2. 

1st  Part. — Cases  wliere  tlie  higher  o£  the  two  temperatures 
compared  is  35°  C,  or  above  that  point. 


Absolute  temperatures. 

Differences  of  temperature. 
In  favour  of 

Number 
of  obser- 
vations. 

Result  in 
favour  of 

r 
Left  side. 

Right  side. 

/■ — 
Left  side. 

Right  side. 

r                      ^ 

36-10000°  C. 

35-98750°  C. 

0-11250°  C. 

0 

15 

Left  side 

36-10000°  C. 

36-32500°  C. 

0 

0-22500°  C. 

jj 

Right  side 

36-10000°  C. 

36-10000°  C. 

0 

0 

» 

Equality 

35-90000°  C. 

35-99999°  C. 

0 

0-09999°  C. 

jj 

Right  side 

35-90000°  C. 

35-90000°  C. 

0 

0 

30 

Equality 

35-80000°  C. 

35-95000°  C. 

0 

0-15000°  C. 

15 

Right  side 

35  80000°  C. 

35-80000°  C. 

0 

0 

30 

Equality 

35-80000°  C. 

36-04375°  C. 

0 

0-24375°  C. 

15 

Right  side 

35-80000°  C. 

35-68750°  C. 

0-11250°  C. 

0 

jj 

Left  side 

35-75000°  C. 

35-87499°  C. 

0 

0-12499°  C. 

}> 

Right  side 

35-75000°  C. 

35-75000°  C. 

0 

0 

30 

Equality 

35-75000°  C. 

35-63750°  C. 

0-11250°  C. 

0 

15 

Left  side 

35-60000°  C. 

35-67500°  C. 

0 

0-07500°  C. 

» 

Right  side 

35-60000°  C. 

35-60000°  C. 

0 

0 

s> 

Equality 

35-60000°  C. 

35-41250°  C. 

0-18750°  C. 

0 

si 

Left  side 

35-55000°  C. 

35-70000°  C. 

0 

0-15000°  C. 

Right  side 

35-50000°  C. 

35-68750°  C. 

0 

0-18750°  C. 

if 

jj 

85-50000°  C. 

35-50000°  C. 

0 

0 

Equality 

35-50000°  C. 

35-20000°  C, 

0-30000°  C. 

0 

yy 

Left  side 

35-45000°  C. 

35-45000°  C. 

0 

0 

» 

Equality 

35-40000°  C. 

35-47500°  C. 

0 

0-07500°  C. 

7t 

Right  side 

35-40000°  C. 

35-21250°  C. 

0-18750°  C. 

0 

Left  side 

35-20000°  C. 

35-27500°  C. 

0 

0-07500°  C. 

J, 

Right  side 

35-20000"  C. 

35-20000°  C. 

0 

0 

30 

Equality 

35-15000°  C. 

35-30000°  C. 

0 

0-15000°  C. 

15 

Right  side- 

35-05000°  C. 

35-27500°  C. 

0 

0-22500°  C. 

jj 

» 

35-00000°  C. 

35-22500°  C. 

0 

0-22500°  C. 

» 

35-00000°  C. 

35-00000°  C. 

0 

0 

}) 

Equality 

15 


Table  2. 

2nd  Part. — Cases  where  the  higher  of  the  two  temperatures 
compared  is  below  35°  C. 


Absolute  temperatures. 
* 

Differences  of  temperature. 
In  favour  of 

Number 
of  obser- 
vations. 

Result  in 
favour  of 

, A . 

( 

Left  side. 

Right  side. 

1 
Left  side. 

"1 
Right  side. 

r                      ^ 

34-90000°  C. 

34-97500°  C. 

0 

0-07500°  C. 

15 

Right  side 

34.'90000°  C. 

34-90000°  C. 

0 

0 

yy 

Equality 

34-70000°  C. 

34-92500°  C. 

0 

0-22500°  C. 

)j 

Right  side 

34-70000°  C. 

34-40000°  C. 

0-30000°  C. 

0 

)j 

Left  side 

34-65000°  C. 

34-87500°  C. 

0 

0-22500°  C. 

jj 

Right  side 

34-65000°  C. 

34-35000°  C. 

0-30000°  C. 

0 

J7 

Left  side 

34-60000°  C. 

34-79500°  C. 

0 

0-19500    C, 

Right  side 

34-60000°  C. 

34-60000°  C. 

0 

0 

yj 

Equality 

34-60000°  C. 

34-52500°  C. 

0-07500°  C. 

0 

yy 

Left  side 

34-55000°  C. 

34-79375°  C. 

0 

0-24375°  C. 

j> 

Right  side 

34-40000°  C. 

34-55000°  C. 

0 

0-15000°  C. 

5> 

34-40000°  C. 

34-49999°  C. 

0 

0-09999°  C. 

>9 

5> 

34-40000°  C. 

34-28750°  C. 

0-11250°  C. 

0 

" 

Left  side 

34-40000°  C. 

34-40000°  C. 

0 

0 

Equality 

34-30000°  C. 

34-60000°  C. 

0 

0-30000°  C. 

3J 

Right  side 

34-30000°  C. 

34-37500°  C. 

0 

0-07500°  C. 

jj 

34-30000°  C. 

34-30000°  C. 

0 

0 

y> 

Equality 

34-30000°  C. 

34-00000°  C. 

0-30000°  C. 

0 

Left  side 

34-20000°  C. 

34-57500°  C. 

0 

0-37500°  C. 

Right  side 

34-10000°  C. 

34  13750°  C. 

0 

0  03750°  C. 

9f 

J, 

34-10000°  C. 

34-10000°  C. 

0 

0 

91 

Equality 

34-05000°  C. 

33-92501°  C. 

0-12499°  C. 

0 

Lett  side 

34-05000°  C. 

34-24998°  C. 

0 

0-19998°  C. 

Right  side 

33-95000°  C. 

34-25000°  C. 

0 

0-30000°  C. 

)) 

)> 

33-52500°  C. 

33-67500°  C. 

0 

0-15000°  C. 

,j 

33-52500°  C. 

33  52500°  C. 

0 

0 

3) 

Equality 

33-10000°  C. 

33-25000°  C. 

0 

0-15000°  C. 

f> 

Right  side 

33-10000°  C. 

32-87500°  C. 

0-22500°  C. 

0 

)> 

Leit  side 
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Table  3. 

1st  Part. — Cases  where  the  higher  of  the  two  temperatures 
compared  is  35°  C,  or  above  that  point. 


Absolute  temperatures. 

Differences  of  temperature 
-  In  favour  of 

Number 
of  obser- 
vations. 

Result  in 
favour  of 

( 
Left  side. 

Eight  side. 

Left  side. 

1 
Right  side. 

(                   ^ 

35-70000°  C. 

35-75555°  C. 

0 

0-05555°  C. 

15 

Right  side 

35-70000°  C. 

35-72777°  C. 

0 

0-02777°  C. 

35 

j> 

35-70000°  C. 

35-70000°  C. 

0 

0 

30 

Equality 

35-65000°  C. 

35-53889°  C, 

0-11111°  c. 

0 

15 

Left  side 

35  60000°  C. 

35-71111°  C. 

0 

0-11111°  0. 

30 

Right  side 

35-50000°  C. 

35-61111°  C. 

0 

0-11111°  C, 

15 

» 

35-50000°  C. 

35-77775°  C. 

0 

0-27775°  C. 

>» 

» 

35-50000°  a 

35-58333°  C. 

0 

0-08333°  C. 

J> 

j» 

35-50000°  C. 

35-55555°  C. 

0 

0-05555°  C. 

J> 

j> 

35-50000°  C. 

35-50000°  C. 

0 

0 

J5 

Equality 

35-40000°  C. 

35-51111°  C. 

0 

0-11111°  C. 

45 

Right  side 

35-40000°  C. 

35-48333°  C. 

0 

0-08333°  C, 

30 

99 

35-40000°  C. 

35-45555°  C. 

0 

0-05555°  C. 

15 

J> 

35-40000°  C. 

35-44166°  C. 

0 

0-04166°  C. 

>» 

J> 

35-40000°  C. 

35-40000°  C. 

0 

0 

45 

Equality 

35-40000°  C. 

35-34445°  C. 

0-05555°  C. 

0 

15 

Left  side 

35-40000°  C. 

35-35834°  C. 

0-04166°  C. 

0 

jj 

99 

35-35000°  C. 

35-46111°  C. 

0 

0-11111°  c. 

30 

Right  side 

35-35000°  C. 

35-40555°  C. 

0 

0-05555°  C. 

15 

J5 

35-35000°  C. 

35-37777°  C. 

0 

0-02777°  C. 

J5 

35-35000°  C. 

35-35000°  C. 

0 

0 

30 

Equality 

35-30000°  C. 

35-41111°  C. 

0 

0-11111°  c. 

jj 

Right  side 

35-30000°  C. 

35-46666°  C. 

0 

0-16666°  C. 

15 

99 

35-30000°  C, 

35-35555°  C. 

0 

005555°  C. 

jj 

35-80000°  C. 

35-30000°  C. 

0 

0 

45 

Equality 

35-30000°  C, 

35-20277°  C. 

0-09723°  C. 

0 

30 

Left  side 

35-30000°  C. 

35-17222°  C. 

0-12778°  C. 

0 

15 

jj 

35-25000°  C. 

35-47222°  C. 

0 

0-22222°  C. 

30 

Right  side 

35-20000°  C. 

35-56110°  C. 

0 

0-36110°  C. 

15 

9> 

35-20000°  C. 

35-36666°  C. 

0 

0-16666°  C. 

^J 

» 

35-20000°  C. 

35-31111°  C. 

0 

0-11111°  C. 

80 

9) 

35-20000°  C. 

35-26944°  C. 

0 

0-06944°  C. 

y> 

99 

35-15000°  C. 

35-26111°  C. 

0 

0-11111°  C. 

9* 

95 

35-15000°  C. 

35-24444°  C. 

0 

0-09444°  C. 

15 

99 

35-15000°  C. 

35-15000°  C. 

0 

0 

n 

Equality 

35-10000°  C. 

35-32222°  C. 

0 

0-22222°  C. 

» 

Right  side 

35-10000°  C. 

35-23888°  C. 

0 

0-13888°  C. 

99 

99 

35-10000°  C. 

35-21111°  C. 

0 

0-11111°  c. 

9> 

35-10000°  C. 

35-19722°  C. 

0 

009722°  C. 

« 

M 

35-10000°  C. 

35-05834°  C. 

0-04166°  C. 

0 

Left  side 

35-05000°  C. 

35-27222°  C. 

0 

0-22222°  C. 

99 

Right  side 

35-00000°  C. 

35-11111°  C. 

0 

0-11111°  C. 

45 

j> 

35-00000°  C. 

35-08333°  C. 

0 

0-08333°  C. 

15 

>j 

35-00000°  C. 

35-00000°  C. 

0 

0 

30 

Equality 

35-00000°  C. 

34-93056°  C. 

0-06944°  C. 

0 

15 

Left  side 

34-95000°  C. 

35-06111°  C. 

0 

0-11111°  C 

99 

Right  side 

34-90000°  C. 

35-12222°  C. 

0 

0-22222°  C. 

>J 

jj 

34-90000°  C. 

35-01111°  C. 

0 

0 11111°  C. 

» 

jj 
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Table  3. 

2nd  Paet. — Cases  where  the  higher  of  the  two  temperatures 
compared  is  below  35°  C. 


Absolute  temperatures. 

Differences  of  temperature. 
In  favour  of 

Number 
of  obser- 
vations. 

Result  in 
favour  of 

A 

r 
Left  side. 

Rigbt  side. 

Left  side. 

Right  side. 

/                                       --^ 

34-90000°  C. 

34-99722°  C. 

0 

0-09722°  C. 

45 

Right  side 

34-90000°  C. 

34'95555°  C. 

0 

0  05555°  C. 

30 

J, 

34-90000°  C. 

34-78889°  C. 

0-lllll°  c. 

0 

15 

Left  side 

34-90000°  C. 

34-90000°  C. 

0 

0 

30 

Equality- 

34-85000°  C. 

34-91944°  C. 

0 

0- 06944°  C. 

J, 

Right  side 

34-85000°  C. 

34-62778°  C. 

0-22222°  C. 

0 

15 

Left  side 

34-80000°  C. 

34  96666°  C. 

0 

0-16666°  C. 

30 

Right  side 

34-75000°  C. 

34-69445°  C. 

0-05555°  C. 

0 

15 

Left  side 

34-75000°  C. 

34'84722°  C. 

0 

0-09722°  C. 

30 

Right  side 

34-75000°  C. 

34-75000°  C. 

0 

0 

45 

Equality 

34-75000°  C. 

34-63889°  C. 

0-11111°  C. 

0 

15 

Left  side 

34-70000°  C. 

34-97777°  C. 

0 

0-27777°  C. 

30 

Right  side 

34-60000°  C. 

34-82222°  C. 

0 

0-22222°  C. 

)> 

„ 

34-60000°  C. 

34-54445°  C. 

0-05555°  C. 

0 

15 

Left  side 

34-55000°  C. 

34-43889°  C. 

0-11111°  C. 

0 

jj 

„ 

34-50000°  C. 

34-68055°  C. 

0 

0-18055°  C. 

30 

Right  side 

34-40000°  C. 

34-45555°  C. 

0 

0-05555°  C. 

15 

!) 

34-35000°  G. 

34-46111°  C. 

0 

0-11111°  C. 

45 

34-30000°  C. 

34-18889°  C. 

0-11111°  C. 

0 

15 

Left  side 

34-30000°  C. 

34-57777°  C. 

0 

0-27777°  C. 

30 

Right  side 

34-25000°  C. 

34-30555°  C. 

0 

0-05555°  C. 

15 

„ 

34-20000°  C. 

34-31111°  C. 

0 

0-11111°  C. 

30 

» 

34-20000°  C. 

34-14445°  C. 

0-05555°  C. 

0 

15 

Left  side 

34-07500°  C. 

34-35277°  C. 

0 

0-27777°  C. 

30 

Right  side 

33-80000°  C. 

34-10555°  C. 

0 

0-30555°  C. 

15 

" 
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Table  4. 

IsT  Part. — Cases  where  the  higher  of  the  two  temperatures 
compared  is  35°  C,  or  above  that  point. 


Absolute  temperatures. 

Differences  of  temperature. 
In  favour  of. 

Number 
of  obser- 

Result in 
favour  of 

vations. 

,            _A_       ^ 

Left  side. 

— \ 
Right  side. 

1 
Left  side. 

Right  side. 

1                   \ 

36-40000°  C. 

36-40000°  C. 

0 

0 

15 

Equality 

36-30000°  C. 

36-22500°  C. 

0-07500°  C. 

0 

„ 

Left  side 

36-20000°  C. 

36-20000°  C. 

0 

0 

„ 

Equality 

36-20000°  C. 

36-12500°  C. 

0-07500°  C. 

0 

„ 

Left  side 

36-15000°  C. 

36-15000°  C. 

0 

0 

30 

Equality 

36-15000°  C. 

3603889°  C. 

0-11111°  C. 

0 

15 

Left  side 

36-10000°  C. 

36-10000°  C. 

0 

0 

>} 

Equality 

36-10000°  C. 

36-00000°  C. 

0-10000°  C. 

0 

„ 

Left  side 

36-00000°  C. 

35-90000°  C. 

010000°  c. 

0 

„ 

„                5, 

36-00000°  C. 

36-07500°  C. 

0 

0-07500°  C. 

„ 

Right  side 

36-00000°  C. 

36-00000°  C. 

0 

0 

30 

Equality 

36-00000°  C. 

35-85000°  C. 

0-15000°  C. 

0 

„ 

Left  side 

36-00000°  C. 

36-15000°  C. 

0 

0-15000°  C. 

15 

Right  side 

35-95000°  C. 

35-87500°  C. 

0-07500°  C. 

0 

» 

Left  side 

35-90000°  C. 

35-78889°  C. 

0-11111°  c. 

0 

45 

„       „ 

35-90000°  C. 

35-90000°  C. 

0 

0 

„ 

Equality 

35-90000°  C. 

36-01111°  C. 

0 

0-11111°  c. 

15 

Right  side 

35-85555°  C. 

35-80000°  C. 

0-05555°  C. 

0 

30 

Left  side 

35-85000°  C. 

35-90555°  C. 

0 

0-05555°  C. 

15 

Right  side 

35-80000°  C. 

35-93888°  C. 

0 

0-13888°  C. 

60 

„         „ 

35-80000°  C. 

35-85555°  C. 

0 

0-05555°  C. 

75 

„         „ 

35-80000°  C. 

35-68889°  C. 

0-11111°  C. 

0 

15 

Left  side 

35-80000°  C. 

35-80000°  C. 

0 

0 

30 

Equality 

35-75000°  C. 

35-86111°  C. 

0 

0 11111°  C. 

„ 

Right  side 

35-75000°  C. 

35-75000°  C. 

0 

0 

15 

Equality 

35'70000°  C. 

35-75555°  C. 

0 

0-05555°  C. 

„ 

Right  side 

35-65000°  C. 

35-76111°  C. 

0 

0-11111°  C. 

>3 

„         „ 

35-65000°  C. 

35-53889°  C. 

0-11111°  c. 

0 

Left  side 

35-60000°  C. 

35-48889°  C 

0-11111°  c. 

0 

30 

»       » 

35-60000°  C. 

35-68333°  C. 

0 

0-08333°  C. 

15 

Right  side 

35-55000°  C. 

35-66000°  C. 

0 

0-11000°  C. 

„ 

„         „ 

35-55000°  C. 

35-55000°  C. 

0 

0 

„ 

Equality 

35-50000°  C. 

35-77775°  C. 

0 

0-27775°  C. 

90 

Right  side 

35-50000°  C. 

35-38889°  C, 

0-11111°  c. 

0 

45 

Left  side 

35-50000°  C. 

35-50000°  C. 

0 

0 

30 

Equality 

35-45000°  C. 

35-56111°  C. 

0 

011111°  C. 

15 

Right  side 

35-40000°  C. 

35-45555°  C. 

0 

0-05555°  C. 

„ 

3>                   )J 

35-40000°  C. 

35-28889°  C. 

0-11111°  c. 

0 

jj 

Left  side 

35-40000°  C. 

35-32223°  C. 

0-07777°  C. 

0 

„ 

„       „ 

35-40000°  C. 

35-40000°  C. 

0 

0 

» 

Equality 

35-35000°  C. 

35-51666°  C. 

0 

016666°  C. 

30 

Right  side 

35.35000°  C. 

35-37777°  C. 

0 

0-02777°  C. 

15 

3>                   3> 

35-35000°  C. 

3518334°  C. 

0-16666°  C. 

0 

„ 

Left  side 

35-35000°  C. 

35  35000°  C. 

0 

0 

„ 

Equality 

35-30000°  C. 

35-46666°  C. 

0 

0-16666°  C. 

„ 

Right  side 

35-30000°  C. 

35-24445°  C. 

0-05555°  C. 

0 

J, 

Left  side 

35-30000°  C. 

35-41111°  C. 

0 

0 11111°  C. 

„ 

Right  side 

35-25000°  C. 

35-18056°  C. 

006944°  C. 

0 

,, 

Left  side 

35-20000°  C. 

35-25555°  C. 

0 

0-05555°  C. 

30 

Right  side 
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Absolate  temperatures. 


Left  side. 
35-20000°  C. 
35-00000"  C. 
35-00000°  C. 
35  00000°  C. 
3500000°  C. 
34-90000°  C. 


Eight  side. 
35-20000°  C. 
35-11111°  C. 
35-00000°  C. 
34-97223°  C. 
3i-8S889°  C. 
35-01111°  C. 


Differences  of  temperature. 
In  favour  of. 


Left  side. 

0 

0 

0 
0-02777°  0. 
0-11111°  C. 

0 


Eight  side. 

0 
0-11111°  C. 

0 

0 

0 
0-11111°  C. 


Number 
of  obser- 
vations. ' 


45 
15 


30 
15 


Eesult  in 
favour  of 


Equality 
Eight  side 
Equality 
Left  side 

Eight  side 


Table  4. 


2nd  Paet. — Cases  where  the  higher  of  the  two  temperatures 
compared  is  below  35°  C. 


34-90000°  C. 

34-95555°  C. 

0 

0-05555°  C. 

15 

Eight  side 

34-90000°  C. 

34-78889°  C. 

011111°  C. 

0 

J, 

Left  side 

34-90000°  C. 

34-90000°  C. 

0 

0 

,j 

Equality 

34-85000°  C. 

34-98888°  C. 

0 

0-13888°  C. 

30 

ll'isht  side 

34-85000°  C. 

34-79445°  C. 

0-05555°  C. 

0 

„ 

Left  side 

34-80000°  C. 

34-91111°  C. 

0 

0-11111°  c. 

,j 

Eight  sidu 

34-80000°  C. 

34-80000°  C. 

0 

0 

15 

Equality 

34-80000°  C. 

34-68889°  C. 

0-11111°  C. 

0 

J, 

Left  side 

34-75000°  C. 

34-86111°  C. 

0 

0-11111°  c. 

30 

Eight  side 

34-70000°  C. 

34-47778°  C. 

0-22222°  C. 

0 

15 

Left  side 

34-65000°  C. 

34-81666°  C. 

0 

0-16666°  C. 

45 

Eight  side 

34-65000°  C. 

34-53889°  C. 

0-11111°  C. 

0 

15 

Left  side 

34-60000°  C. 

34-71111°  C. 

0 

0-11111°  C. 

30 

Eight  side 

34-60000°  C. 

34-60000°  C 

0 

0 

15 

Equality 

34-60000°  C. 

34-37778°  C. 

0-22222°  C. 

0 

15 

Left  side 

34-55000°  C. 

34-66111°  C. 

0 

0-11111°  C. 

30 

Eight  side 

34-55000°  C. 

34-60555°  C. 

0 

005555°  C. 

,, 

3J                   >> 

34-50000°  C. 

34-50000°  C. 

0 

0 

15 

Equality 

34-50000°  C. 

34-38889°  C. 

0-11111°  C. 

0 

J, 

Left  side 

34-45000°  C. 

34-56111°  C. 

0 

0-11111°  c. 

45 

Eight  side 

34-45000°  C. 

34-45000°  C. 

0 

0 

15 

Equality 

34-45000°  C. 

34-22778°  C 

0-22222°  C. 

0 

,, 

Left  side 

34-40000°  C. 

34-55000°  C. 

0 

0-15000°  C. 

J, 

Eight  side 

34-35000°  C. 

34-50000°  C. 

0 

0-15000°  C. 

30 

»         » 

34-35000°  C. 

34-35000°  C. 

0 

0 

15 

Equality 

34-30000°  C. 

34-35555°  C. 

0 

0-05555°  C. 

30 

Right  side 

34-30000°  C. 

34-30000°  C. 

0 

0 

15 

Equality 

3425000°  C. 

34-41666°  C. 

0 

016666°  C. 

j> 

Eight  side 

34-25000°  C. 

34-02778°  C. 

0-22222°  C. 

0 

Left  side 

34-20000°  C. 

34-20000°  C. 

0 

0 

15 

Equality 

34-20000°  C. 

34-14445°  C. 

0-05555°  C. 

0 

Left  side 

34-15000°  C. 

34-03889°  C. 

0-11111°  C. 

0 

„ 

»         >j 

34-15000°  C. 

34-20555°  C. 

0 

0-05555°  C. 

30 

Eight  side 

34-10000°  C. 

33-87778°  C. 

0  22222°  C. 

0 

15 

Left  side 

34-05000°  C. 

34-27222°  C. 

0 

0-22222°  C. 

30 

Eight  side 

34-05000°  C. 

34-10555°  C. 

0 

0-05555°  C. 

15 

34-00000°  C. 

3411111°  C. 

0 

0-11111°  C. 

45 

>>                   99 

33-95000°  C. 

3417222°  C. 

0 

0-22222°  C. 

15 

33-70000°  C. 

33-58889°  C. 

0-11111°  C. 

0 

jj 

Left  side 

33-65000°  C. 

33-87222°  C. 

0 

0-22222°  C. 

Eight  side 

33-50000°  C. 

33-61111°  C. 

0 

0-11111°  C. 

J, 

99                 9  9 

33-20000°  C. 

33-42222°  C. 

0 

0-22222°  C. 

" 

»                 J> 
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Examining  the  above  analysis^  we  arrive  at  the  following 
conclusions  for  each  table  : 


Table  1. 

1st.  The  percentage  of  times  of  occurrence  of  superiority 
of  temperature  on  the  left  side  is  greater  at  the  lower  of  the 
two  temperatures  by  11 '6279. 

2nd.  The  percentage  of  times  of  occurrence  of  superiority 
of  temperature  on  the  right  side  is  greater  at  the  higher  of 
the  two  temperatures  by  9*3023. 

3rd.  The  percentage  of  times  of  occurrence  of  equality  of 
temperature  of  the  two  sides  is  greater  at  the  higher  of  the 
two  temperatures  by  2 •3256. 

4th.  Omitting  the  cases  of  equality  of  temperature^  the 
left  side  gains  and  the  right  side  loses  15' 162  per  cent.^  at 
the  loiver  of  the  two  temperatures. 


Table  2. 

1st.  The  percentage  of  times  of  occurrence  of  superiority 
of  temperature  on  the  left  side  is  greater  at  the  loiver  of  the 
two  temperatures  by  6'250. 

2nd.  The  percentage  of  times  of  occurrence  of  superiority 
of  temperature  on  the  right  side  is  greater  at  the  lower  of 
the  two  temperatures  by  1 2*946. 

3rd.  The  percentage  of  times  of  occurrence  of  equality  of 
temperature  of  the  two  sides  is  greater  at  the  higher  of  the 
two  temperatures  by  19 '196. 

4th.  Omitting  the  cases  of  equality  of  temperature,  the 
two  sides  preserve  very  nearly  the  same  percentages  at  the 
two  temperatures,  the  left  side  gaining  and  the  right  side 
losing  only  0'24  per  cent.,  at  the  lower  of  the  two  tempera- 
tures. 
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Table  3. 


1st.  The  percentage  of  times  of  occurrence  of  superiority 
of  temperature  on  the  left  side  is  greater  at  the  lower  of  the 
two  temperatures  by  7'2829. 

2nd.  The  percentage  of  times  of  occurrence  of  superiority 
of  temperature  on  the  right  side  is  greater  at  the  lower  of 
the  two  temperatures  by  1'4005. 

3rd.  The  percentage  of  times  of  occurrence  of  equality  of 
temperature  of  the  two  sides  is  greater  at  the  higher  of  the 
two  temperatures  by  8'6834. 

4th.  Omitting  the  cases  of  equality  of  temperature,  the  left 
side  gains  and  the  right  side  loses  6'8068  per  cent,  at  the 
lower  of  the  two  temperatures. 

Table  4. 

1st.  The  percentage  of  times  of  occurrence  of  superiority 
of  temperature  on  the  left  side  is  greater  at  the  higher  of  the 
two  temperatures  by  8'8294. 

2nd.  The  percentage  of  times  of  occurrence  of  superiority 
of  temperature  on  the  right  side  is  greater  at  the  lower  of 
the  two  temperatures  by  20*8514. 

3rd.  The  percentage  of  times  of  occui-rence  of  equality  of 
temperature  of  the  two  sides  is  greater  at  the  higher  of  the 
two  temperatures  by  12 "022. 

4th.  Omitting  the  cases  of  equality  of  temperature,  the 
left  side  loses  and  the  right  side  gains  16'2991  per  cent.,  at 
the  lower  of  the  two  temperatures. 

Comparing  together  the  results  obtained  from  the  four 
tables  given  above,  we  find  them  to  be,  in  a  great  measure, 
contradictory  of  each  other.  In  only  one  respect  do  all  four 
sets  of  observations  agree,  namely,  in  the  existence  of  the 
greater  percentage  of  equality  of  temperature  at  the  higher 
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temperature.  Tables  1^  2,  and  3,  agree  ia  showing  the 
greater  percentage  of  superiority  of  temperature  on  the  left 
side  at  the  lower  temperature ;  but  in  Table  4  the  greater 
percentage  of  this  condition  is  found^  on  the  contrary,  at  the 
Jiigher  temperature.  In  Tables  2,  3,  and  4,  the  greater  per- 
centage of  superiority  of  temperature  on  the  right  side  is 
found  at  the  lower  temperature ;  but  in  Table  1  the  greater 
percentage  of  this  condition  occurs  at  the  higher  temperature. 
In  Tables  1,  2,  and  3,  the  percentage  of  left  superiority 
increases,  and  that  of  right  superiority  diminishes,  relatively 
to  each  other,  at  the  lower  temperature,*  while  in  Table  4 
the  reverse  occurs,  right  superiority  gaining  and  left  supe- 
riority losing,  at  the  lower  temperature. 

In  the  following  table  the  apportionment  of  the  higher  per- 
centages of  the  three  conditions  to  the  two  temperatures,  in 
the  four  tables,  is  shown  : 

*  In  Table  2  the  difEerence  at  tLe  two  temperatures  is  so  slight  that  it  may 
be  disregarded. 
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Temperatures  of  35°  C, 
and  above. 

Temperatures  below 
35°  C. 

Percentages  of  excess. 

Percentages  of  excess. 

^Left  side     . 

0 

,     .     11-6279 

Right  „ 

.      .     9-3023     .      . 

.      .          0 

Equality 

.     .     2-3256     .     . 

0 

Left  and  right 
sides  alone. 

Left  side 

0          .     . 

.     .     15-162 

^Right  „ 

.     .  15-162        .      . 

.     .          0 

""Left  side 

0 

.     .       6-250 

Right  ,,       . 

0 

.     .     12-946 

pq 

Equality 

Left  and  right 
sides  alone. 

.     .  19-196       .     . 

.      .          0 

H 

Left  side 

0 

.     .       0-24 

^Right  „ 

.     .       0-24       .     . 

.     .          0 

^Left  side 

0 

.     .       7-2829 

Right  „ 

0 

.     ,       1-4005 

CO 

Equality 

.     .     8-6834     .      . 

.     .          0 

e1 

Left  and  right 
sides  alone. 

C^ 

Left  side 

0 

.     .       6-8068 

^Right  „ 

.     .     6-8068     .     . 

.     .         € 

''Left  side 

.     .     8-8294     .     . 

.     .          0 

Right  „       . 

0 

.      .     20-8514 

pa 

Equality 

.      .   12-022        .     . 

.     .          0 

1^  ' 

pq 

e3 

Left  and  right 
sides  alone. 

Left  side 

.     .  16-2991      .     . 

.     .          0 

^Right  „ 

0 

.     .     16-2991 
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No  certain  connection  can,  thereforOj  be  traced  in  our 
tables,  by  the  method  of  analysis  pursued,  between  frequency 
of  occurrence  of  superiority  of  temperature  on  either  side,  and 
the  degree  of  absolute  temperature  of  the  parts  examined ; 
but  a  relation  between  absolute  temperature  and  the  fre- 
quency of  occurrence  of  equality  of  temperature  of  the 
two  sides  would  appear  to  exist,  the  greater  percentage  of 
equality  being  found  at  the  higher  absolute  temperature. 

Passing,  in  the  next  place,  to  the  second  of  our  two  prin- 
cipal methods  of  analysis,  namely,  that  which  deals  with  the 
average  absolute  temperatures  found  with  the  conditions  of 
right  and  left  superiority  of  temperature  and  of  equality  of 
temperature,  respectively,  we  obtain  the  following  results 
from  our  tables  : 
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Analysis  oe  Tables  1^  2,  S,  and  4. 

Absolute  temperatures. 

A. — Cases  where  the  higher  of  the  two  temperatures  compared 
is  35°  0.  or  above  that  point. 


Table   1   (1st  Part), 


Average         . 

,  "  Average 

tempera-       ,  ° 

ture  of  cases  ,         ^  i    .  i 
„  .     ,ture  or  both 

ofsuperi-      . J     ,  , 
.,     K,.        I  sides  taken 
orityorteni-|    ,        ,, 

perature  of.     ,?        ^ 

a  side  and  ^^  *^«  ^^^^^ 


of  equality 
of  tempe- 
rature. 


of 

superiority 
of  a  side. 


Average 
differences 

of 

tempera 

ture. 


Table  2   (1st  Paet), 


Average 
tempera- 
ture of  cases 

of  superi- 
ority of  tem- 
perature of 
a  side  and 
of  equality 
of  tempe- 
rature. 


Average 

tempera- 
ture of  both 
sides  taken 

together 
in  the  cases 

of 
superiority 

of  a  side. 


Average 
differences 

of 

tempera 

ture. 


Left  side 

Right  side... 
Equality 


35-50555°C.35-41111°C.'0-18888°C, 
35-66066°C.35-49136°C.|0-14940°C, 
35-38846°C. 

Both  sides, 

0-16124°C, 


35-69166°C. 
35-67740''C. 
35-61153°C. 


35-60729°C. 
35-60023°C. 


0-16875°C, 
0-15432°C, 

Both  sides, 

0-11215°C 


Ti^x^p^^^ /Left  side 85-9°C.     -35-0°C 36-l°C.     — 35-0°C. 

^^n  Right  side  36-125°C.— 34-9°C 36-325°C.— 35-0°C. 


Table  3   1st  (Part). 


Table  4  (1st  Part). 


Left  side... 
Right  side. 
Equality ... 


35-30625°C. 
35-38767°C. 
35-34642°C 


35-26614°C, 
35-32807°C, 


0-08020°C, 
0-11919°C, 


35-67718°C. 
35-70451°C. 

35-72500°C. 


35-60952°C, 
35-32100°C, 


0-09781°C, 
0-12812°C. 

Both  sides, 

0-11564°C, 


Ti^„)--.„™„, /Left  side 35-7°C.     -34-9°C.  ...... 36-4°C.—34-9°C. 

1  Right  side  85-777°C-— 34-93°C 36-4°C.— 34-888°C. 
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Analysis  of  Tables  1,  2,  3,  and  4. 

Absolute  temperatures. 

B. — Cases  where  the  higher  of  the  two  temperatures  compared 

is  below  35°  C. 


Table  1  (2nd  Part). 


Left  side... 
Right  side. 
Equality . . . 


Average 

tempera- 
ture of  cases 

of  superi- 
ority of  tem- 
perature of 

a  side  and 
of  equality 

of  tempe- 
rature. 


34-41428°C, 
34-43874°C. 
34-46250°C, 


Average 

tempera- 
ture of  both 
sides  taken 

together 
in  the  cases 

of 
superiority 

of  a  side. 


34-29794°C. 
34-33555°C. 


Average 
difEereuces 

of 
tempera- 
ture. 


0-22195°C 
0-20933°C 

Both  sides 

0-21503°C 


Table  2    (2nd  Part). 


Average 
tempera- 
ture of  cases 

of  superi- 
ority of  tem- 
perature of 
a  side  and 
of  equality 
of  tempe- 
rature. 


34-257l4°C. 

34-43508°C. 
34-30416°C. 


Average 

tempera- 
ture of  both 
sides  taken 

together 
in  the  cases 

of 
superiority 

of  a  side. 


34-15446°C. 
34-34170°C. 


Average 
differences 

of 
tempera- 
ture. 


0-20535°C, 

0-18674°C, 

Both  sides, 
0-19266°C, 


^.  /Leftside 34-9°C.    — 33-l°C 34-9°C.     — 33-10°C. 

Jixtremes  ^  ^^^-^^  ^^^^  34-975°C.— 33-025°C 34-975°C.— 32-875°C. 


Table  3  (2nd  Part). 


Left  side... 
Right  side. 
Equality  . . . 


34-61250°C.!34-56041°C.'0-10416°C 
34-69188°C.  34-61404°C.  0-15564°C 
34-81000°C 

Both  sides, 


0-14451°C. 


Table  4   (2nd  Part). 


34-47857°C. 
34-47882°C. 
34-51250°C. 


34-40913°C.  0-13888°C, 
34-41644°C.  0-12477°C. 


Both  sides, 


0-12864°C, 


T5,  ,  /Leftside 34-9°C.     — 33-8°C 34-9°C.     — 33-2°C. 

Jixtremes^i^  Right  side 34-977°C.— 34-105°C 34-988°C.— 33-422°C. 
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Analysis  of  Tables  1,  2,  3,  and  4. 

Absolute  temperatures. 

c. — Both   sets    of   cases — those   at    or   above  and  those  below 
35°  C. — taken  together. 


Table  1 
(1st  and  2nd  Parts), 


Average 

tempera- 
ture of  cases 

of  superi- 
ority of  tem- 
perature of 

a  side  and 
of  equality 

of  tempe- 
rature. 


Average 

tempera- 
ture of  both 
sides  taken 

together 
in  tlie  cases 

of 
superiority 

of  a  side. 


Average 
differences 

of 
tempera- 
ture. 


Table  2 
(1st  and  2nd  Paets). 


Average 

tempera> 
ture  of  cases 

of  superi- 
ority of  tem- 
perature of 

a  side  and 
of  equality 

of  tempe- 
rature. 


Average 

tempera- 
ture of  both 
sides  taken 

together 
in  the  cases 

of 
superiority 

of  a  side. 


Average 
differences 

of 

tempera- 

rature. 


Left  side... 
Right  side 
Equality... 


34-84130°C. 
35-06l74°C. 
34-94400°C. 


34-73353°C. 

34-97429°C. 


0-22206°C 

0-l7884°C 

Both  sides 
0-19508°C 


3491923°C. 
35-01187°C. 
35-19868°C. 


34-78846°C. 
34-92602°C. 


0-18846°C, 
0-l7169°C, 

Both  sides, 

0-17701°C, 


Extremes 


{Left  side.... 
Right  side  36-125°C 


35-9°C.     — 33-l°C 36-l°C.     — 33-10°C. 

33025°C 36-325°C.— 32-875°C. 


Table  3 
(1st  and  2nd  Parts). 


Left  side 

Right  side.. 
Equality .... 


34-95937°C.'34-91328°C 
35-11863''C.  35-05319°C. 
35-20526°C. 


0-09218°C. 
0-13291°C. 

Both  sides, 

0 12606°C, 


Table  4 
(1st  and  2nd  Parts). 


35-27764°C. 
35-08327°C. 
35-40166°C. 


B5-20939°C. 
34-86252°C. 


0-11269°C, 
0'12642°C, 


Extremes  - 


Leftside 35-7°C.     — 33-8°C 36-4°C.— 33-2°C. 

Right  side  35-777°C.— 34-105°C 36-4°C.— 33-422°C. 
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From  the  above  analyses  we  deduce   the  following  con- 
clusions : 


(a)  Cases  where  the  higher  of  the  two  temperatures  com- 
pared is  35°  C,  or  above  that  point. 

1st.  Where  the  absolute  temperature  of  the  side  only 
which  in  each  comparison  shows  the  higher  temperature, 
and  also  the  absolute  temperature  of  the  two  sides  in  cases 
of  equality  of  temperature  are  regarded^  the  apportionment  in 
each  table  of  the  highest  average  absolute  temperatures  is  as 
follows  : 

["1st  "  signifies  highest  average  absolute  temperature,  and 
'^2nd^^  and  "3rd'^  correspond  respectively  to  lower  averages.] 


Table  1, 

1st.    Eight  side. 
2nd.  Left  side. 
3rd.    Equality. 

Table  3. 

1st.     Eight  side. 
2nd.   Equality. 
3rd.    Left  side. 


Table  2. 

1st.    Left  side. 
2nd.   Eight  side. 
3rd.    Equality. 

Table  4. 

1  st.     Equality. 
2nd.   Eight  side. 
3rd.    Left  side. 


2nd.  Where  the  absolute  temperatures  of  both  sides  are 
averaged  in  each  case  of  superiority  of  a  side,  the  absolute 
temperature  in  cases  of  equality  being  taken  as  before,  the 
apportionment  in  each  table  of  the  highest  average  absolute 
temperatures  is  as  follows  : 


Table  1. 

1st.    Eight  side. 
2nd.   Left  side. 
3rd.    Equality, 

Table  3. 

1st.    Equality. 
2nd.  Eight  side. 
3rd.   Left  side. 


Table  2. 

1st.  Equality. 
2nd.  Left  side. 
3rd.    Eight  side. 

Table  4. 

1st.  Equality. 
2nd.  Left  side. 
3rd.    Eight  side. 
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(b)  Cases  where  the  higher  of  the  two  temperatures  com- 
pared is  below  35°  0. 

1st.  "Where  the  absolute  temperature  of  the  side  only 
which  in  each  comparison  shows  the  higher  temperature^  and 
also  the  absolute  temperature  of  the  two  sides  in  cases  of 
equality  of  temperature  are  regarded,  the  apportionment  in 
each  table  of  the  highest  average  absolute  temperatures  is  as 
follows : 


Table  1. 

1st.    Equality. 
2nd.  Right  side. 
3rd.    Left  side. 

Table  3. 

1st.     Equality. 
2nd.   Right  side. 
3rd.   Left  side. 


Table  2. 

1st.    Right  side. 
2nd.  Equality. 
3rd.    Left  side. 

Table  4. 

1st.    Equality. 
2nd.   Right  side. 
8rd.  Left  side. 


2nd.  Where  the  absolute  temperatures  of  both  sides  are 
averaged  in  each  case  of  superiority  of  a  side_,  the  absolute 
temperature  in  cases  of  equality  being  taken  as  before,  the 
apportionment  in  each  table  of  the  highest  average  absolute 
temperatures  is  as  follows  : 


Table  1. 

Table  2. 

1st.    Equality. 
2nd.   Right  side. 
3rd.    Left  side. 

1st.    Right  side. 
2nd.  Equality. 
3rd.  Left  side. 

Table  3. 

Table  4. 

1st.    Equality. 
2nd.  Right  side. 
3rd.    Left  side. 

1st.    Equality. 
2nd.   Right  side. 
3rd.    Left  side. 

(c)  Both  sets  of  cases — those  at  and  above  35°  C,  and 
those  below  that  point — taken  together. 

1st.  Where  the  absolute  temperature  of  the  side  only 
which  in  each  comparison  shows  the  higher  temperature, 
and  also  the  absolute  temperature  of  the  two  sides  in  cases 
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of  equality  of  temperature  are  regarded,  the  apportionment 
in  eacli  table  of  the  highest  average  absolute  temperatures  is 
as  follows  : 


Table  1. 

1st.     Right  side. 
2nd.   Equality. 
3rd,    Left  side. 

Table  3. 

1st.    Equality. 
2nd.   E/ight  side. 
3rd.    Left  side. 


Table  2. 

1st.    Equality. 
2nd.   Right  side. 
3rd.    Left  side. 

Table  4. 

1st.  Equality. 
2nd.  Left  side. 
3rd.    Right  side. 


2nd.  Where  the  absolute  temperatures  of  both  sides  are 
averaged  in  each  case  of  superiority  of  a  side,  the  absolute 
temperature  in  cases  of  equality  being  taken  as  before,,  the 
appoi'tionment  in  each  table  of  the  highest  average  absolute 
temperatures  is  as  follows  . 


Table  1. 

Table  2. 

1st.    Right  side. 

1  st.    Equality. 

2nd.  Equality. 

2nd.   Right  side, 

3rd.    Left  side. 

3rd.    Left  side. 

Table  3. 

Table  4. 

1st.     Equality. 

1st.     Equality. 

2nd.   Right  side. 

2nd.   Left  side. 

3rd.    Left  side. 

3rd.    Right  side, 

Comparing  the  above  results,  we  find  here,  as  in  the 
case  of  our  first  method  of  analysis,  marked  contradictions  in 
the  different  sets  of  experiments.  Under  the  heading  (a) 
we  find  in  the  first  of  its  subdivisions  that  Tables  1  and  3 
agree  in  showing  the  highest  average  absolute  temperature 
in  favour  of  superiority  of  temperature  of  the  right  side,  but 
here  all  similarity  between  the  two  ends,  for  the  order  of 
precedence  of  superiority  on  the  left  side  and  of  equality  is 
the  opposite  in  the  two  cases.  Table  2  shows  the  left  side 
to  have  the  highest  average,  and  equality  to  have  the  lowest 
average,  while  Table  4   shows  an  order  exactly  the  reverse. 
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In  the  second  subdivision  of  (a)  Tables  2,  S,  and  4  agree  in 
giving  the  highest  average  to  equality  ;  and  Tables  2  and  4 
further  agree  in  giving  the  lowest  average  to  the  right  side ; 
but  in  Table  1  the  right  side  holds  the  first  place  and 
equality  conies  last.  Coming  to  the  heading  (b)  we  find,  in 
the  first  subdivision.  Tables  1,  3,  and  4  agreeing  with  each 
other,  equality  having  the  first  and  the  left  side  the  last 
place  in  all  three  cases  ;  but  in  Table  2  the  right  side  comes 
first,  the  left  side  coming  last,  as  before.  In  the  second 
subdivision  of  (b)  Tables  1,  3,  and  4  also  agree,  with  the 
same  order  as  above ;  Table  2  having  likewise  the  same 
order  that  it  had  in  the  first  subdivision.  Lastly,  under  the 
heading  (c)  in  the  first  subdivision.  Tables  2  and  3  agree, 
equality  holding  the  first  and  the  left  side  the  last  place. 
Table  4  also  gives  the  first  place  to  equality,  but  the  last  to 
the  right  side  ;  while  in  Table  1  the  right  side  comes  first 
and  the  left  side  last.  In  the  second  subdivision  of  this 
heading  the  order  in  the  several  tables  is  the  same  as  in  the 
first  subdivision. 

In  the  whole  twenty-four  sets  (eight  under  each  heading) 
equality  holds  the  first  place  in  sixteen,  or  two  thirds ;  while 
in  the  remaining  eight  cases  the  right  side  comes  first  in 
seven  cases.  In  seventeen  cases  the  left  side  shows  the 
lowest  average,  the  right  side  coming  last  in  four,  and 
equality  coming  last  in  three  cases. 

It  would  seem,  however,  that  the  division  of  each  table 
into  two  great  parts,  according  as  the  temperature  is  above 
or  below  35°  C,  and  the  consequent  separate  analyses  of 
these  two  parts  under  the  headings  (a)  and  (b),  are  less 
likely  to  furnish  accurate  information  on  the  points  under 
consideration  than  the  analysis  of  the  two  parts  of  each 
table  taken  together,  as  under  the  heading  (c).  The  reason 
of  this  is  that,  in  the  analysis  of  the  separate  parts,  the 
lower  values,  in  the  case  of  the  first  part  of  the  table,  and 
the  higher  values,  in  the  case  of  the  second  part  of  a  table, 
are  on  debatable  ground,  not  being  near  either  the  upper  or 
the  lower  limits.  The  absolute  values  included  in  the  com- 
parisons are,  therefore,  comprised,  in  the  one  instance, 
between  the  mean  level  and  the  upper  limit  of  temperature, 
and,  in  the  other  instance,  between  the   mean  level  and  the 
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lower  limit  of  temperature^  and  not  between  tlie  two  extremes. 
As  a  result  of  this  artificial  division  of  the  observations,  if  a 
given  condition — equality,  for  instance — happen  to  be  of 
frequent  occurrence  about  the  mean  level,  the  conclusions 
respecting  this  condition  may  be  contradictory  in  the  two 
parts  of  a  table.  In  the  first  part  the  condition  may  show 
relatively  a  low,  and  in  the  second  part  relatively  a  high, 
average  absolute  temperature.  This  is  shown,  in  point  of 
fact,  in  Table  1,  where  equality  exhibits  in  the  first  part  the 
lowest  and  in  the  second  part  the  highest  average  absolute 
temperature.  But  if,  in  consequence  of  the  above  objections, 
we  regard  only  the  results  of  the  combined  two  parts  of  each 
table,  we  still  find  it  impossible  to  reconcile  the  contra- 
dictions obtained.  Tables  2,  3,  and  4  give  the  highest 
average  absolute  temperature  to  equality,  but  Table  1  gives 
the  precedence  to  the  right  side,  equality  holding  the  second 
place.  Now,  if  the  differences  between  the  temperature  of 
equality  and  the  temperatures  of  right  superiority  in  Table 
1  were  insignificant  compared  with  the  similar  differences 
existing  in  the  other  tables,  where  equality  holds  the  first 
place,  we  might  be  tempted  to  regard  it  as  a  rule  that  the 
highest  average  absolute  temperatures  are  associated  with 
equality.  Let  us  see  what  these  differences  are.  The  dif- 
ferences in  Table  1  between  the  temperature  of  equality  and 
that  of  right  superiority  in  the  two  sets  of  values  in  the  table 
are,  respectively,  0-11774°  C.  and  0-03029°  C.  The  dif- 
ferences between  equality  and  the  condition  holding  the 
second  place  in  the  other  three  tables  are  as  follows  : — Table  2. 
—0-18681°  C.  and  0-27266°  0.  ;  Table  8.-0-08663°  0. 
and  015207°  0.;   Table  4.-0-12402°  0.  and  0-19227°  C. 

The  results  might,  indeed,  lead  us  to  ignore  as  unim- 
portant one  of  the  differences  of  Table  1,  that  of  0*03029° 
0. ;  but  the  other  difference  is  too  marked  to  be  set  aside. 
Moreover,  this  latter  figure  is  the  more  important  of  the  two, 
as  it  belongs  to  the  set  of  values  representing  the  absolute 
temperature  of  the  side  alone  on  which  superiority  of  tempe- 
rature exists,  whereas  the  first  difference  belongs  to  the  set 
of  values  which  represent  the  average  temperature  of  both 
sides  taken  together  in  each  comparison,  and  which,  there- 
fore,  do  not  fairly  represent  the   extreme  height  to   which 
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the  absolute  temperature  may  rise  in  the  case  of  superiority 
of  temperature  on  a  side. 

If^  on  the  other  hand,  we  look  to  the  lowest  averages,  we 
find  that  in  three  of  the  tables  the  left  side  holds  the  lowest 
place,  the  right  side  coming  last  in  one  table.  Applying  the 
same  test  in  this  case  which  was  applied  above,  let  us  see  if 
the  differences  of  temperature  between  the  values  for  the 
right  side  and  those  for  the  left  side  in  Table  4  can  be 
neglected,  thus  establishing  a  rule  of  the  coincidence  of  the 
lowest  average  absolute  temperature  with  superiority  of  tem- 
perature on  the  left  side.  The  differences  between  the  two 
lowest  values  in  the  several  tables  are  as  follows  : — Table  1. 
—0-10270°  C.  and  0-21047°  0.  ;  Table  2.-0-09264°  C.  and 
0-13756°  0. ;  Table  3.— 0-15926°  C.  and  0-13991°  C. ;  Table  4. 
—0-19437°  0.  and  0-34687°  C.  Looking  at  these  figures, 
it  is,  of  course,  impossible  to  ignore  the  differences  shown 
in  Table  4. 

We  are  thus  finally  forced  to  choose  between  concluding 
that  no  one  of  the  three  conditions  of  superiority  of  the  right 
side,  superiority  of  the  left  side,  and  equality  of  the  two  sides 
respectively,  exhibits  a  definite  and  fixed  preference  for  a 
higher  or  lower  absolute  level  than  the  others,  or  the  rejec- 
tion of  some  of  our  tables  and  the  exclusive  acceptance  of 
others.  There  is  not,  however,  the  slightest  justification  of 
this  latter  course  to  be  found,  for  the  observations  of  the 
several  tables  were  made  with  the  same  care  and  under 
equally  favorable  conditions,  and  are,  therefore,  equally 
reliable.  And  in  this  connection  we  see  the  value  of  the 
accidental  division  into  the  four  tables  of  the  entire  mass  of 
observations,  due,  as  it  was,  simply  to  the  fact  of  there  being 
four  distinct  periods  of  investigation.  Moreover,  each  table 
contains  a  sufficient  number  of  observations  to  preclude  its 
rejection  in  favour  of  another  on  the  score  of  numerical 
inferiority. 

The  result,  then,  of  our  two  principal  methods  of  analysis 
has  been  to  furnish  but  a  single  satisfactory  conclusion,  the 
one  derived  from  the  first  method  and  already  given  on  page 
21,  namely,  that  the  percentage  of  frequency  of  occurrence 
of  equality  of  temperature  is  greater  at  temperatures  at  or 
above  35°  0.  than  at  temperatures  below  that  point.      If  we 
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relied  solely  on  Table  4,  we  might  considei'  it  as  further 
proved  (in  accordance  with  the  theory  mentioned  at  the  out- 
set on  page  4)  that  superiority  of  temperature  on  the  left 
side  is  relatively  more  frequent  at  the  higher  than  at  the 
lower  levels  of  absolute  temperature^  while  superiority  of 
temperature  on  the  right  side  is  relatively  more  frequent  at 
the  lower  than  at  the  higher  levels  ;  but,  as  just  stated,  we 
have  no  right  to  adopt  the  results  of  one  table  to  the  exclu- 
sion of  those  of  another. 

There  are,  however,  certain  points  in  our  tables  which 
have  not  come  within  the  scope  of  our  two  methods,  which 
demand  attention. 

If  we  examine  the  tables  near  the  upper  and  lower  limits, 
we  see  that  the  extent  of  range  is  not  equal  in  all  the  tables. 
Taking,  on  the  one  hand,  only  those  observations  in  which 
the  higher  of  the  two  temperatures  is  at  or  above  36°  C,  and, 
on  the  other  hand,  only  those  observations  in  which  the 
higher  of  the  two  temperatures  is  below  34°  C,  we  find  at 
the  start  that  Table  3  is  excluded  from  any  examination 
based  upon  such  limitations,  and  that  Table  1  furnishes  but 
fifteen  observations  falling  within  the  upper  limit. 

Analysing  the  observations  in  the  several  tables  included 
in  the  limits  specified,  we  obtain  the  following  results  : 


(d)    Temperatures  at  or  above  36°  0. 
Table  1.  Table  2.  Table  4. 


Number 

Number 

Number 

In  favour 

of  obser- 

Per- 

of obser- 

Per- 

of obser- 

Per- 

of 

vations. 

centages. 

vations. 

centages. 

vations. 

centages. 

Left  side.. 

....     0  ... 

0 

15  ... 

20-0000  ., 

105  ... 

41-17647 

Right  side 

...  15  ... 

100-0000  . 

45  ... 

60-0000  .. 

45  ... 

17-64706 

Equality... 

...     0  ... 

0 

15  ... 

200000  .. 

....   105  ... 

41-17647 

Total...  15 


Total...  75 


Total...   255 


(e)    Temperatures  heloio  34°  0. 
Table  1.  Table  2.  Table  4. 

Leftside 15  ...  25-0000  15  ...  25-0000  15  ...  25-0000 

Right  side  45  ...  75-0000  30  ...  50-0000  45  ...  75-0000 

Equality 0  ...        0         15  ...  25-0000  0  ...  0 

Total...  60  Total...  60  Total...  60 
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In  the  aljove  sets  of  results  we  again  encounter  contradic- 
tions. Part  of  Table  1  is  of  doubtful  value,  owing  to  the 
limited  number  of  observations  made  at  the  higher  tempera- 
ture. Omitting  this  part  of  the  table,  and  regarding  only 
the  part  under  the  heading  (e),  we  find  a  total  absence  of 
equality  and  a  decided  predominance  of  right  superiority  of 
temperature.  If  we  refer  to  the  same  table  in  the  former 
comparison  of  percentages  on  page  21,  we  see  how  marked 
this  excess  in  favour  of  the  right  side  is.  Table  2,  however, 
shows  a  decided  balance  in  favour  of  the  right  side  at  the 
higher  temperature,  the  percentages  for  the  left  side  and  for 
equality  being  each  one  third  of  that  for  the  right  side  ; 
while  at  the  lower  temperature  the  percentage  for  the  right 
side  diminishes,  and  the  percentages  for  the  left  side  and  for 
equality  increase.  In  Table  4,  on  the  contrary,  at  the  higher 
temperature  right  superiority  shows  the  smallest  percentage, 
left  superiority  and  equality  having  here  the  same  percentage, 
which  is  more  than  twice  that  for  the  right  side ;  still  further, 
at  the  lower  temperature  in  this  table  equality  is  absent  and 
right  superiority  is  greatly  in  excess  of  left  superiority. 

If  we  take  the  individual  observations  within  these  last 
limits,  we  find  that  the  highest  absolute  temperature  noted, 
36"4°  0.  (Table  4),  accompanies  equality;  the  second  highest 
temperature,  36*325°  0.  (Table  2),  accompanies  right  supe- 
riority ;  and  the  third  highest  temperature,  36'3°  C.  (Table 
4),  is  found  with  left  superiority.  The  lowest  case  of  supe- 
riority of  a  side,  33*1°  C,  and  which  occurs  twice,  is  in 
favour  of  the  left  side  (Tables  1  and  2)  ;  the  second  lowest 
case,  33-25°  C.  (Table  2),  is  in  favour  of  the  right  side ;  and 
the  third  lowest  case,  33-325°  0.  (Table  1),  is  also  in  favour 
of  the  right  side. 

We  will  now  make  another  and  last  analysis,  embracing, 
on  the  one  hand,  those  cases  in  which  the  higher  of  the  two 
temperatures  compared  is  not  below  35*5°  C,  and,  on  the 
other  hand,  those  cases  in  which  the  higher  of  the  two  tem- 
peratures compared  is  not  above  34'55°  0. 

The  following  are  the  results  obtained  by  this  last  analysis  : 
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No  satisfactory  conclusions  can  be  drawn  from  the  above 
analysis.  In  two  of  the  tables  (Tables  1  and  4)  the  per- 
centage for  superiority  of  the  left  side  diminishes  at  the 
lower  temperature,  while  in  the  other  two  tables  it  increases 
at  this  temperature.  In  Table  1  the  percentage  for  supe- 
riority of  the  right  side  is  greater  at  the  higher  temperature, 
while  in  the  other  three  tables  it  is  greater  at  the  lower 
temperature.  In  one  case  (Table  1)  equality  of  temperature 
shows  an  increase  at  the  lower  temperature ;  but  in  Tables 
2  and  4  the  percentage  of  this  condition  is  diminished,  and 
in  Table  3  no  case  of  equality  is  found  at  the  lower  tempe- 
rature. 

Summing  up  the  results  of  all  our  analyses,  it  would  seem 
that  the  degree  of  absolute  temperature  has  no  definite 
influence  on  the  frequency  of  occurrence  of  superiority  of 
temperature  on  either  side  of  the  head,  and  but  a  limited 
influence,  at  best,  on  equality  of  temperature  of  the  two 
sides ;  at  every  absolute  level  each  of  the  three  conditions 
may  be  found  with  varying  frequency  at  different  times. 

It  would,  seem,  therefore,  that  the  rises  and  falls  of  abso- 
lute temperature,  by  which  the  balance  of  superiority  of  tempe- 
rature is  shifted  from  one  side  to  the  other,  or  by  which  equality 
of  temperature  of  the  two  sides  is  brought  about,  follow,  in  a 
great  measure,  no  definite  law,  but  are  governed  by  agencies 
which  are  liable  to  constant  variation.  The  two  sides  are 
not,  then,  like  two  furnaces  which  have  unequal  limits  of 
range,  but  in  which  the  production  of  heat  is  carefully  con- 
trolled so  as  to  cause  simultaneously  in  both  regular  increases 
or  diminutions  of  energy,  one  surpassing  or  falling  below  the 
other  only  at  certain  fixed  points,  and  then  simply  because 
the  thermal  limit  of  one  has  been  reached ;  but  they  rather 
resemble  two  furnaces  of  equal  range,  but  the  fires  of  which 
are,  to  a  certain  extent,  managed  independently  of  each  other 
and  with  a  variable  degree  of  regularity,  the  relative  powers 
of  the  two  being  thus  uncertain,  and  either  one  likely  at  any 
moment  to  surpass  the  other. 

There  is  one  other  point  to  be  noticed  in  conclusion, 
namely,  the  comparative  degree  of  difference  of  temperature 
between  the  two  sides  of  the  head  at  different  absolute 
levels.      Looking  back  to  the  analysis  of  absolute  tempera- 


39 

tures  on  page  26,  we  see  that,  with  one  exception,  the  ave- 
rage degree  of  difference  of  temperature  between  the  two 
sides  is  greater  at  the  temperatures  below  35°  0.  The 
single  exception  is  in  Table  4,  where  the  average  difference 
of  temperature  in  the  cases  in  favour  of  the  right  side  is 
slightly  less  at  the  lower  temperature.  As  the  absolute  level 
rises,  therefore,  the  average  difference  between  the  two  sides 
would  seem  to  diminish ;  but  a  glance  at  the  tables  will 
show  many  exceptions  to  this  rule,  the  irregular  and  unequal 
rises  and  falls  of  the  temperatures  of  the  two  parts  bringing 
about  as  great  differences  even  near  the  extreme  limit  as 
those  shown  at  the  lower  levels. 

The  causes  of  these  irregularities  are  undoubtedly  many 
and  complicated,  some  existing  in  the  brain  and  some  in  the 
tissues  external  to  the  latter.  The  writer  has  elsewhere 
dealt  to  a  certain  extent  with  some  of  these  causes^  and  it 
suffices  to  say  now  that  their  existence  and  unmanageable 
nature  must  throw  grave  doubts  on  the  reliability  of  conclu- 
sions drawn  from  examinations  of  the  temperatiire  of  the 
head  in  disease,  unless  much  greater  latitude  be  given  to 
normal  variations  of  temperature,  both  absolute  and  relative, 
than  has  generally  been  accorded  by  those  who  have  given 
special  attention  to  this  subject. 
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EXPERIMENTS 


ON  THE  EFFECT  OF 


VOLUNTAEY  MUSCULAR  CONTRACTIONS 


TEMPERATURE  OE  THE  HEAD. 


In  tlie  spring  of  the  present  year.  Dr.  H.  W.  Amidon,  of 
New  York,  published  a  series  of  experiments  entitled,  "  The 
Effect  of  Willed  Muscular  Movements  on  the  Temperature  of 
the  Read  :  New  Study  of  Cerebral  Cortical  Localisation/^  * 
By  these  experiments  the  author  sought  to  prove,  not  only 
that  willed  muscular  movements  cause  elevations  of  tempera- 
ture at  the  surface  of  the  head,  sufficiently  marked  to  be 
capable  of  detection  with  thermometers,  but  also,  that  the  con- 
tractions of  different  muscles  affect  the  temperatures  of  different 
well-defined  areas  of  the  integument  of  the  head  j  each  muscle 
■ — according  to  him — having  a  special  thermal  centre  in  the 
cortical  substance  of  the  brain,  the  temperature  of  which 
centre  is  increased,  when  the  muscle  acts,  in  a  degree  suffi- 
cient— both  absolutely,  and  relatively  to  the  rest  of  the 
cerebral  surface — to  produce  a  change  of  temperature,  in  a 
circumscribed  area  of  the  overlying  integument,  appreciable 
by  means  of  instruments  of  no  great  delicacy.  Thus  con- 
traction of  the  quadriceps  extensor  cruris  of  one  side  caused 
an  average  rise  of  0'409°  C,  on  the  opposite  side  of  the  head, 

*  Prize  Essay  of  the  Alumni  Association  of  tlie  College  of  Physicians  and 
Surgeons  of  New  York,  March  12th,  1880 ;  published  in  '  Archives  of  Medicine,' 
April,  1880  J  also  published  separately  by  G.  P.  Putnam's  Sons,  Nl\v  York. 


in  a  space  commencing  300  mm.  behind  the  root  of  the 
nose,  and  extending  backwards,  on  the  median  line,  80  mm., 
and  laterally,  from  the  same  line,  50  mm., — the  extremes  of 
rise  of  temperature  being  1-388°  C,  and  0-1388°  C. ;  *  while 
contraction  of  the  orbicularis  palpebrarum  of  one  side 
produced  a  rise  averaging  0-342°  C.  (the  extremes  were 
0-833°  C,  and  0-1388°  0.),  on  the  opposite  side  of  the  head, 
in  a  space  situated  about  100  mm.  above,  and  a  little  to  the 
rear  of  the  external  auditory  meatus,  and  having  a  diameter 
of  about  18  mm. 

Dr.  Amidon's  method  of  procedure  was  as  follows  : — A 
number  of  thermometers  (Seguin^s  surface  thermometer,  as 
improved  by  Dr.  Grray,  of  Brooklyn,  was  employed)  were 
placed  at  different  points  on  the  head,  and  secured  to  the 
latter  by  means  of  a  quadrilateral  piece  of  sheet  rubber  with 
straps  and  buckles  at  the  corners,  the  rubber  being  pierced 
with  holes  for  the  passage  of  the  stems  of  the  instru- 
ments. 

After  ten  or  fifteen  minutes  of  quiet,  the  readings  of  the 
thermometers  were  taken,  and  the  subject  then  commenced 
to  make  vigorous  contractions  of  some  particular  muscle  or 
group  of  muscles  (tonic  and  clonic  spasms  alternating  pro- 
duced the  best  results)  for  from  fi.ve  to  ten  minutes.  At 
the  end  of  five  minutes  from  the  cessation  of  the  contractions 
the  readings  of  the  thermometers  were  again  noted.  "  If  a 
marked  rise  of  temperature  is  noticed  in  any  one  of  them, 
the  other  thermometers  must  be  brought  together  and  con- 
centrated about  this  spot  so  as  to  define  the  area  over  which 
the  rise  of  temperature  takes  place  as  narrowly  as  possible.^^ 
Proceeding  in  this  way.  Dr.  Amidon  mapped  out  some 
twenty-five  districts  on  the  surface  of  the  head,  as  thermal 
centres  of  a  corresponding  number  of  muscles  or  groups  of 
muscles. 

As  long  ago  as  1866-67,  one  of  the  writers  of  the  present 
paper  (Lombard),  while  experimenting  with  thermo-electric 
apparatus  on  the  influence  of  different  mental  states  on  the 
human  temperature,  was  led  to  try  the  effect  of  muscular 
contraction  on  the  temperature  of  the  head.      In  doing  this 

*  Dr.  Amidon's  values  are  given  in  Fahrenheit  degrees,  hence  the  extended 
detinials  given  above  and  in  other  places. 


lie  liad  no  idea  of  a  production  of  heat  in  the  brain^  specially 
connected  with  the  muscular  contraction  per  se ;  the 
muscular  effort  was  made  use  of  simjpli/  as  a  means  of  strongly 
fixing  the  attention.  In  the  majority  of  these  cases  no 
effect  was  produced  ;  but  in  a  few  instances,  slight  rises  of 
temperature  were  noted — 0  005°  0.  to  0'02°  C.  It  was  found, 
moreover,  that  simply  holding  up  a  finger  between  the  eye 
and  an  object  regarded  intently,  at  a  little  distance,  and 
moving  the  finger  at  regular  intervals  to  one  side  and  back 
again,  so  as,  in  turn,  to  cover  and  uncover  the  object — pains 
being  taken  to  move  the  finger  to  the  same  distance  each 
time,  and  to  accurately  cover  the  object  at  each  return — was 
more  effective  in  causing  a  rise  of  temperature  in  the  head, 
than  strong  conti'actions  of  the  muscles  of  the  arm  or  of  the 
leg.  At  a  more  recent  date  (1877)  the  same  person  having 
occasion,  in  further  experiments  on  the  influence  of  mental 
activity  on  the  temperature  of  the  head,  to  study  the  effect 
of  composition,  thought  it  desirable  to  eliminate  any  possible 
disturbance  arising  from  the  muscular  action  concerned  in 
the  writing.  It  was  found,  however,  that  the  mere  mechani- 
cal movements  of  the  pen  were  without  effect. 

In  the  investigations  now  to  be  given  all  the  essential 
experimental  details  laid  down  by  Dr.  Amidon  have  been 
carefully  observed ;  thermo-electric  apparatus,  however,  has 
been  substituted  for  thermometers,  both  as  being  far  more 
sensitive,  and  also  as  enabling  the  observer  to  detect  the 
slightest  variation  of  temperature  at  any  moment  of  the 
experiment.  The  particular  apparatus  employed  has  been 
fully  described  elsewhere.* 

In  the  experiments  "  zero "  denotes  the  temperature  of 
the  head  at  the  commencement  of  the  observations,  and  the 
"  plus "  and  "  minus  '^  signs  denote,  respectively,  rises 
above,  and  falls  below  this  initial  point.  Where  the  words 
"  stopped  contractions "  occur,  they  refer  to  the  time 
immediately  'preceding  them  ;  for  example,  in  1st  experiment 
on  contraction  of  extensors  of  leg,  &c.,  the  contractions  were 
stopped  at  the  end  of    the  tenth  minute.      Other  words   put 

*  J.  S.  Lombard,  'Experimental  Researches  ou  the  Regional  Temperature  of 
the  Head,'  London,  1879.  Idem, 'Archives  de  Ph^siologie  Normale  at  Patho- 
logique,'  July — August,  1868,  t.  i,  p.  498. 


in  the  margin  refer  to  the  times  opposite  to  which  they  are 
placed.  The  experiments  were  all  made  on  the  writers 
themselves. 


Experiments  on  the  contraction  {simultaneously)  of  the  extensor 
m,uscles  of  the  leg  and  of  the  toes  {quadriceps  extensor  cruris ; 
and  the  extensors  proper  of  the  toes),  and  of  the  flexors  of  the 
tarsus  upon  the  leg  {tibialis  anticus,  and  peroneus  tertius). 
Thethermo-pile  luasappliedat  pointsvarying  fromSIOmm's. 
to  370  mm^s.  distance  from  the  root  of  the  nose,  measured  on 
the  median  line,  and  from  10  mm's.  to  40  mm^s.  distance 
laterally  from  the  same  line.  The  pile  was  on  the  left  side  of 
the  head,  and  the  muscles  of  the  right  side  were  contracted. 


1st  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0"004166°(5. 

Rise  or  fall  of  temperature. 

Time  from  ^ * ^ 

commencement  Deflections  of         Thermometric 

of  contractions.  galvanometer,  values.  Comments. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

3        „      —  5° — 0-0208°C. 

5  „      —10° — 00416°C. 

6  „      —  8° — 0-0333°C. 

7  , —  4° — 0-0166°C. 

8  „       —  „ —       „ 

t'Z  33  )J     53 

10         „       —  3° -00124°C. 

Stopped  contractions. 
12        „      ..—10° — 0-0416°C. 

14  „       —50° — 0-2083°C. 

15  „      —20° — 0-0833°C. 

In  the  above  experiment,,  the  temperature^  at  the 
end  of  the  third  minute  succeeding  the  commencement 
of  the  contractions,  had  fallen  0-0208°  C.  below  the  starting 
point.  During  the  remaining  seven  minutes  of  contractions 
it  fluctuated  between  0-0416°  C,  and  0-0124°  C,  both  values 
being  below  the  initial  temperature.  After  the  cessation  of 
the  contractions,  the  temperature  fell  still  lower,  being 
0-2083°  C.  below  the  starting  point,  at  the  fourth  minute, 


and  0"0833°  0.  below  this  point  at  the  close  of  the  observa- 
tion five  minutes  after  the  cessation  of  the  contrac- 
tionSj  and  fifteen  minutes  from  the  commencement  of  the 
experiment.  In  this  experiment^  therefore,  there  was 
throughout  a  depression  of  temperature.  It  is  not,  however, 
probable  that  the  muscular  movements  had  much  to  do  with 
the  principal  fall  of  temperature  noted  towards  the  close  of 
the  experiment.  There  was  undoubtedly  a  tendency  in  the 
head  toward  a  loiver  iliermal  level,  irrespective  of  any  special 
influence  connected  with  the  experiment.  These  falls  of 
temperature — with  corresponding  rises — are  of  frequent 
occurrence  in  the  head,  and  if  not  carefully  watched,  and 
duly  accounted  for,  are  apt  to  lead  the  experimenter  to  very 
erroneous  conclusions.  They  are  most  probably  seated  in 
tissues  external  to  the  brain — notably  the  integument — and 
have,  therefore,  no  immediate  connection  with  cerebral  action. 
Their  causes  are  in  many,  if  not  in  most  cases,  obscure ; 
for  while  some  may  be  accounted  for  by  changes  of  the 
temperature  of  the  air,  altei'ations  of  the  general  circulation, 
&c.,  in  a  large  number  of  instances  these  influences  afford 
no  explanation. 


2nd  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-0(M166°C. 

Rise  or  fall  of  temperature.  : 

Time  from  , « ^ 

commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

0  minutes 0°.., 0°  Commenced  contractions. 

3  „       +    8° +0-0333°C. 

4  „       +15° +00625°C. 

6  „       —  5° — 0-020S"'C. 

7  „       -„ -       „ 

10        , —18° — 0-0750°C. 

Stopped  contractions. 

15  „      0° 0° 

16  „      +    1° +0-004I6°C. 

We  have  here,  at  first,  a  rise  of  temperature  amounting, 
at  the  end  of  four  minutes,  to  0'0625°  C.  But  in  the  suc- 
ceeding two  minutes  a  fall  ensued  to   00208°  C.  below  the 
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starting  point.  At  the  end  of  the  tentL.  minute — when  the 
contractions  were  stopped — this  fall  had  increased  to  0*075°  C. 
below  the  initial  temperature.  During  five  minutes  succeed- 
ing the  close  of  the  contractions  the  initial  temperature  was 
regained,  and  finally,  at  the  end  of  the  sixteenth  minute,  a 
positive  rise  of  0"00416°  0.  had  taken  place.  In  this  experi- 
ment there  was,  therefore,  during  the  contractions,  on  the 
one  hand,  a  positive  rise  of  0*0625°  C,  and,  on  the  other 
hand,  a  positive  fall  of  0*075°  0. 


3rd  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0*004166°C. 
Rise  or  fall  of  temperature. 


Time  from 
commencement 
of  contractions. 

At  the  end  of — 
0  minutes 

Deflections  of 
galvanometer. 

0° 

Thermometric 
values. 

..     -0° 

3        „      

6        , 

—  3° 

0° 

.— 0-0124°C. 
0° 

8        „      

—11° 

._0-0458°C. 

9        „      

+    1° 

.  +  0-00416°C 

10        „      

—  1° 

.— 0-00416°C 

13 

+  10° 

.+0-0416°C. 

14        „      

+   5° 

.  +  0-0208°C. 

15        „      

+   , 

.+ 

Comments. 


Commenced  contractions. 


Stopped  contractions. 


In  this  experiment  the  temperature,  at  first,  fell  0"0124  C. ; 
then  rose  to  the  starting  point,  but  fell  back,  at  the  eighth 
minute,  to  0*0458°  C.  below  the  zero.  At  the  ninth  minute, 
it  had  again  attained  the  starting  point,  and  had  passed 
0*00416°  0.  above  the  latter  ;  but  at  the  tenth,  and  last,  minute 
of  contraction,  it  had  fallen  0*00416°  C.  below  the  starting 
point.  Three  minutes  after  the  contractions  ceased  there  was 
a  positive  rise  of  0*0416°  C, — which  was,  however,  reduced  to 
0*0208°  C.  in  the  two  minutes  following.  We  have  here, 
then,  a  maximum  rise  of  0*0416°  C,  and  a  maximum  fall  of 
0*0458°  C. 


4tli  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0004166°C. 

Rise  or  fall  of  temperature. 

Time  from  , » ^ 

commencement  Deflections  of         Therm. imetric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

3  „      —11° — 00458°C. 

4  „      0° 0° 

5  „      +   1° +0-00416°C. 

6  „      —  1° — 000416°C. 

7  „      —  2° — 00083°C. 

Stopped  contractions. 

8  „      0° 0° 

9  „      +   4° +  0-0166°C. 

10  „      +   6° +00250°C. 

11  »      +   ..  +       „ 

12  „      +   4° +00166°C. 

In  the  above  experiment,  after  tlie  contractions  com- 
menced, the  temperature  fell,  reaching,  at  the  end  of  three 
minutes,  a  point  0"0458°  0.  below  the  zero.  It  regained  the 
latter  point,  however,  during  the  next  minute,  and  at  the 
end  of  the  fifth  minute  indicated  0"00416°  C.  positive  rise. 
At  the  end  of  the  seventh  minute — when  the  contractions 
were  stopped — the  temperature  had  fallen  back  to  0*0083°  0. 
below  the  zero.  During  the  five  minutes  following  the  close 
of  the  contractions,  the  temperature  again  regained  the 
starting  point,  and  passed  0"025°  C.  above  it  (tenth  and 
eleventh  minutes). 


Maximum  rise  000416°C. 

fall  0-0458°C. 

,,  rise  0-02o°C. 


V-  During  contractions. 
After  „ 


5th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0'008602°C. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

7         „      —  4° — 0-0344°C. 

10        „      —16° — 01376°C. 

Stopped  contractions. 
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Rise  or  fall  of  temperature. 

Time  from  ( " ^ 

commencement  Deflections  of         Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

11  12  13  14  15  16  r~^^° ' — 0-1720°C.-j 

''.'''       \ — 16° — 0-1376°C.  l  Temperature  oscillating. 

^"^"*^^^   [-12° -0-1032°C.J 

In  this  experiment^  after  seven  minutes'  contractions^  the 
temperature  had  fallen  0*0344"  C. ;  and  when  the  contractions 
ceased^  at  the  end  of  the  tenth  minute,  this  fall  had 
increased  to  0"1376°  0.  During  six  minutes'  succeeding 
the  close  of  the  contractions,  the  temperature  fluctuated, 
being  successively  0-172°  C,  0-1376°  C,  and  0-1032°  C— all 
below  the  starting  part.  A  part  of  the  fall,  when  at  its 
greatest,  is,  however,  probably  explainable  in  the  same  way 
as  the  fall  in  1st  Experiment,  and  is,  therefore,  independent 
of  the  muscular  action. 

6th  Experiment. 
1°  deflection  of  galvanometer  is  equal  to  0'008602°C. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

2  „      +4° +0-0344°C. 

3  „       0° 0° 

6         „      —2° — 0-0l72°C. 

Stopped  contractions. 
13         jj      J  J  « 

In  this  experiment  the  temperature  rose,  in  the  first  two 
minutes,  0-0344°  0.  j  but  in  the  next  minute  it  declined  to 
zero,  and  at  the  close  of  the  contractions  it  was  0-0172°  0. 
below  that  point,  maintaining  this  latter  position  at  the  end 
of  the  experiment. 

7th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-007589°C. 
At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1  »      "1 


2 
3 

4         „      j 


-5° — 0  0377°C.- 

J- -^        0° 0°  ^  Temperature  oscillating. 

+  5° +0  0377°C.. 
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Rise  or  fall  of  temperature. 

Time  from  , * ^ 

commencement  Deflections  of         Thermometric 

of  contractions,  galvanometer.  values.  Comments. 

At  the  end  of — 

5  minutes 0° 0° 

^  y)         j>   »j 

7 


Stopped  contractions. 

■■■"2  i>  • »    JJ 

We  have  here^  during  the  first  four  minutes,  an  oscillation 
about  the  starting  point  as  a  centre,  with  a  range  below  and 
above  of  0'0377°  C.  ;  and  subsequently,  during  the  remain- 
ing five  and  a  half  minutes  of  contractions,  and  for  five 
minutes  of  repose  afterwards,  a  maintenance  of  the  initial 
temperature. 

8th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0*007539°C. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

I,  2,  3,  4,  5,  6  minutes       „  „ 

7  minutes —2° — 00150°C. 

8,  y,  10  minutes   0° 0° 

Stopped  contractions. 

II,  12,  13,  14,  15,  16 

minutes „  „ 

In  this  experiment  for  the  first  six  minutes  no  change  of 
temperature  occurred.  At  the  end  of  the  seventh  minute  a 
fall  of  0*015  0.  was  noted.  From  this  time  forth,  to  the 
end  of  the  experiment,  the  initial  temperature  was  maintained. 


9th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-008602°C. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1  )j      • )>  >' 

2  „       j»  „ 

3  „ >>  • » 
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Rise  or  fall  of  temperature. 


Time  from 
commencement 
of  contractions. 

At  the  end  of — 

/— 
Deflections  of 
galvanometer. 

+6° 

Thermometric 
values, 

+00516°C. 

Comments. 

5        „      

+„  

+ 

......         0° 

— 0-0344°C. 

— 0-0602°C.i 

6         „      

0° 

7        „      

—4° 

r   7° 

.-1/11          '   

Stopped  contractions. 

1 

8,9,10: 

minutes 


I  n  12  IS  14  r  ~'^° — 0-0602°C.i 

'  T  -I    —4° —0-0344°C.  l  Temperature  oscillating. 

'"^^^   I   -1° -0-0086°C.J 


Here  we  have,  first,  during  three  minutes,  the  initial 
temperature  maintained  ;  then  a  rise  of  0"0516°  C,  preserved 
during  the  fourth  and  fifth  minutes ;  then  a  return  to  zero, 
with  a  subsequent  fall  of  0'0344°  C.  below  that  point. 
During  seven  minutes  after  the  contractions  ceased  the  tem- 
perature fluctuated,  being,  in  turn,  00602°  C,  0-0344°  C, 
and  0"0086°  C,  below  the  starting  point. 


10th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0008602°C. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1,  2,  3,  4,5.6.7,7^-^: -'''f""-    U  .  ..    . 

,  <      0  0  >  iemperature  osculating. 

"''"'"^^' 1+3° +0-0258°C.J 

Stopped  contractions. 

8,9,10,11,12,13,14,  J -\° -^-^f^'   U 

15, 15i  minutes...  |  ^^„ +0-0258°C  I    ^"^''^*'"''  oscillatmg. 


In  this  experiment,  during  seven  and  a  half  minute's  con- 
tractions, the  temperature  oscillated  on  both  sides  of  zero, 
with  a  range  of  0-043°  C.  below,  and  of  0-0258°  C.  above 
that  point,  this  oscillation  continuing  during  eight  and  a  half 
minutes  following  the  cessation  of  the  contractions. 
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llth  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0"008602°C. 

Rise  or  fall  of  temperature. 

Time  from  , " ^ 

commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

i      „      +6° +  0-0516°C. 

1  and  2|  minutes —4° — 0-0344'^C. 

—9° — 0-0774°C. 


3,  4,  5,  6,  7,  8,  9,  10 
minutes 


r— 9  — 0-U774-U.  1 

<  — 4° — 00344°C.  I  Temperature  oscillating. 

1+1° +0-0086°C.J 

Stopped  contractions. 

11,  12,  13.  14,  15,  16,  f-^: -0-0774^C.. 

17,18  minutes...  i  -*  -00344  C.  ^  Temperature  oscillating. 

L  +1° +00086°C.J 

In  this  experiment,  after  a  rise  in  the  first  half  minute  of 
00516°  C,  the  temperature  declined  to  0-0344°  C.  below  the 
starting  point,  subsequently  fluctuating  between  0*0774°  C. 
below,  and  0*0086°  C.  above  the  zero,  during  the  remaining 
seven  and  a  half  minutes  of  contractions,  and  also  during  the 
eight  minutes  of  repose  which  followed. 


12th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0"008602°C. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1  „      +5° +0-0430°C. 

2, 3,  4,  5  minutes +„ +      „ 

6  minutes +3° +0-0258°C. 

7,  8,  9,  10  minutes  ...    +„  +      „ 

Stopped  contractions. 
11,  12,  13,  14,   15,  16 

minutes +„ +       „  * 

In  the  above  experiment  the  temperature  rose  during  the 
first  minute  0'043°  C,  and  maintained  this  elevation  to  the 
end  of  the  fifth  minute,  when  it  fell  back  to  0'0258°  C.  above 
the  starting  point,  retaining  this  position  during  the  remain- 
ing minutes  of  contraction,  and  for  six  minutes  of  repose 
following. 
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IStli  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-008602°C. 

Rise  or  fall  of  temperature. 

Time  from  , '' , 

coiiimencemcnt  Deflections  of         Thermometric 

of  contractions,  galvanometer.  values.  Comments. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

r— 2° — 00172°C.i 

1,2, 3, 4,5,6,7  minutes^      0° 0°  I  Temperature  oscillating. 

L+2° +0-0l72°C.J 

Stopped  contractions. 

11  minutes —5° — 00430°C. 

12  „       0° 0° 

We  have  here,  during  the  time  of  tie  contractions,  an 
oscillation  about  the  starting  point  of  0'0172°  C.  above  and 
below  the  latter.  At  the  end  of  the  fourth  minute  after  the 
contractions  ceased,  the  temperature  had  fallen  to  0*043°  0. 
below  the  zero.  Finally,  at  the  close  of  the  experiment,  at 
the  end  of  the  twelfth  minute  from  the  commencement  of 
the  observations,  the  temperature  was  at  the  starting  point. 


14th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-008602°C. 
At  tVie  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1,  2,  3,  4,  5,  6,7,8r-7: -0-0fi02°C. -| 

minutes  i      ^  ^  ^  Temperature  oscillating. 

L  +4° +0-0344°C.J 

Stopped  contractions. 

9.  10,  11,  12,13,14  1—'^: -00602°C.. 

minutes         .        i      ^  ^°  ^  Temperature  oscillating. 

■■"1+4° +0-0344°C.J 


In  this  case,  during  the  eight  minutes  of  contractions, 
the  temperature  oscillated  about  the  starting  point  with  a 
range  of  0-0602°  0.  below,  and  of  0-0344°  C.  above  the 
latter.  This  oscillation  persisted  during  the  six  minutes 
following  the  close  of  the  muscular  action. 
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15th  Experiment. 

deflection  of  galvanometer  is  equal  to  0'004166°C. 
Rise  or  fall  of  temperature. 


Time  from 
commencement 
of  contractions. 

At  the  end  of — 
0  minutes 

Deflections 
galvanome 

0°.... 

of 
ter. 

Thermometrie 
Yulues. 

0° 

3         „       

....  _  60°.... 

— 0-2500°C. 

5         „      

....  —100°.... 

— 0-4166°a 

6         „      

....  — 110°.... 

— 0-4583°C. 

8        „      

....  —150°.... 

— 0-6250°C. 

10        „      

....  —180°.... 

— 0-7500°C. 

Comments. 


Commenced  contractions. 
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-353° — 1-4708°C. 


Stopped  contractions. 


In  this  experiment,  we  have  a  decided  and  continuous  fall 
of  temperature  from  the  commencement  to  the  end  of  the 
observations ;  the  fall  at  the  close  of  the  experiment  amount- 
ing to  1'4708°  C  This  marked  depression  of  temperature, 
like  those  given  in  1st  and  5th  Experiments,  was,  however, 
beyond  doubt,  in  a  great  measure  independent  of  the  experi- 
ment, its  coincidence  with  the  latter  being  simply  accidental. 
This  experiment,  in  fact,  furnishes  an  excellent  example  of  a 
rapid  and  decided  lowering  of  the  general  level  of  tempera- 
ture in  the  head,  where  no  special  cause  of  disturbance  could 
be  proved  to  exist. 

16th  Experiment. 
1°  deflection  of  galvanometer  is  equal  to  0'004166°C. 


At  the  end  of — 

0  minutes 

4        ,,      

6  „      

7  „      
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0° 0°  Commenced  contractions. 

—  85° — 0-3541°C. 

—100° — 0-4166°C. 

--155° — 0-6458°C. 

Stopped  contractions. 
—358° — 1-4916°C. 


We  have  here  again  a  decided  and  persistent  fall  of 
temperature  dui-ing  whole  of  the  observation,  probably 
explainable,  in  great  part,  like  the  results  of  the  last  experi- 
ment, by  a  lowering  of  the  general  level  of  temperature 
irrespective  of  the  muscular  action. 
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Time  from 
comiiienceinent 
of  contractions. 

At  the  end  of — 
0  minutes 

2  „      

3  „      

5        ..      


17th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0004166°C. 
Rise  or  fall  of  temperature. 


Deflections  of 
galvanometer. 


Thermometric 
values. 


10 


0° 0° 

+   10° +0-0416°C. 

+   45° +0-1874°C. 

+  115° +0-4791°C. 


Comments. 


Commenced  contractions. 


Stopped  contractions. 


This  experiment  shows  a  decided  rise  of  temperature, 
setting  out  from  the  commencement  of  the  observations, 
and  amounting,  at  the  end  of  the  fifth  minute — when  the 
contractions  were  discontinued — to  0*4791°  C.  At  the  close 
of  the  experiment — at  the  end  of  the  tenth  minute — the 
temperature  was  still  0*4791°  C.  above  the  starting  point. 
This  was  undoubtedly  a  case  of  elevation  of  the  general 
thermal  level — the  opposite,  in  fact,  of  what  occurred  in*  the 
preceding  two  experiments. 


18th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0"0070422°C. 
At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1,  2,  3,4,  5,  6,  7.  7i  J-^: -0-0352°C.i 

minutes  1  ^  J- Temperature  oscillating. 

L  +2° +0-0140°C.J 

Stopped  contractions. 

12^  minutes +4° +0-0281°C. 

13i        „       +  5° +0-0352°C. 


In  this  experiment  the  temperature  of  the  head  fluctuated 
during  the  seven  and  a  half  minutes  of  contractions,  being, 
in  turn,  at  0°,  and  at  0-0352°  0.  below  and  0*014°  0.  above 
that  point.  After  the  contractions  ceased  the  temperature 
rose,  attaining,  at  the  end  of  twelve  and  a  half  minutes  from 
the  commencement  of  the  experiment,  0"0281°  C.  above  the 
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starting  point,  and  rising  still  higher  by  0*00704°  C.  in  the 
succeeding  minute. 

19th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-0070422°C- 

Rise  or  fall  of  temperature. 

Time  from  f * , 

commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  tlie  end  of — 

0  minutes Qp 0°  Commenced  contractions. 

4        „      +60° +0'4225°C. 

Stopped  contractions. 
9        „      +71° +0-5000°C. 

In  this  experiment  a  marked  and  rapid  rise  of  temperature 
ensued,  amounting  at  the  close  of  the  experiment  to  0*5°  0. 
above  the  starting  point.  The  comments  made  upon  17th 
Experiment  are  equally  applicable  to  the  present  case. 

20th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-0070422°C. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1,2,3,4,5, 6, 7  minutes      „  „ 

Stopped  contractions. 
12  minutes —2° 0-014°C. 

In  the  above  experiment  the  initial  temperature  remained 
unaffected  during  seven  minutes'  muscular  action.  During 
five  minutes  subsequent  repose  the  temperature  fell  0*014   C. 

21st  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-0070422°C. 

At  the  end  of — 

0  minutes  0° 0°  Commenced  contractions. 

1,  2,  3,  4,  5,  6  minutes       „  „ 

7  minutes —2° — 0-0140°C. 

Stopped  contractions. 

8  9    10    11  12  \Z^A~^° -00211°C.i 

'     '.     '       '      '      ^\      0° 0°  > Temperature  oscillating. 

"^^^"''^^ 1+3° ....+0.0211°C.J 

0 
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In  this  case,  for  the  first  six  minutes  of  contractions,  the 
temperature  was  unaffected,  but  in  the  seventh  minute  a  fall 
of  0'014°  0.  took  place.  During  six  and  a  half  minutes^ 
repose  following  the  contractions  the  temperature  fluctuated 
about  the  starting  point,  with  an  equal  range  above  and 
below  the  latter  of  0*0211°  C. 


22nd  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-0070422°C. 

Rise  or  fall  of  temperature. 

Time  from  i * , 

commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments, 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

r— 4° — 0-0281°C,i 

1,2,3,4,5,6,7,8  minutes  ■<      0° 0°  I  Temperature  oscillating. 

1+4° +0-0281°C.J 

Stopped  contractions. 

9,  10,  11,  12,  13,  14,  r~^° — 0-0281°C.i 

ie  -I  J     •'    J.'      ' ■{      0° 0°  V Temperature  oscillating. 

15,16mmutes...|^^. +0-028mJ 

In  this  experiment,  during  eight  minutes'  contractions, 
the  temperature  oscillated  about  the  zero,  with  an  equal 
range  above  and  below  this  point  of  0'0281°  C.  Eight 
minutes  of  repose,  following  the  contractions,  showed  no 
change,  the  fluctuation  continuing  with  the  same  limits  as 
before. 

23rd  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-0070422°C. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1,2, 3, 4, 5, 6, 7  minutes      „  „ 

Stopped  contractions. 
8,9,10,11,12      „ 

No  change  of  temperature  either  during  or  after  the 
contractions. 
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24tli  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0'00704i22°C. 

Rise  or  fall  of  temperature. 

Time  from  , ^  — ^ 

commencement  Deflections  of         Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

0  minutes    0° 0°  Commenced  contractions. 

1,  2,  3,  4, 5,  6, 7  minutes       „  „ 

Stopped  contractions. 
8,9,10,11,12 

No   cliange   of    temperature   either   during   or    after   the 
contractions. 

25th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-0070422°C. 
At  the  end  of — 

0  minutes    0° 0°  Commenced  contractions. 

1, 2, 3, 4,  5,  6,  7  minutes      „  „ 

Stopped  contractions. 
8,9,10,11,12 

No    change   of    temperature   either    during    or   after    the 
contractions. 

26th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-0070422°C. 
At  the  end  of — 

0  minutes   0° 0°  Commenced  contractions. 

1,2, 3, 4,  5,  6,  7  minutes      „ „ 

Stopped  contractions. 
8,9,10,11,12        „  „ 

No   change   of    temperature   either   during   or   after    the 
contractions. 

27th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-0070422°C. 
At  the  end  of — 

0  minutes    0° 0°  Commenced  contractions. 

1,2,  3,4,  5,  6,  7  minutes       „  „ 

Stopped  contractions. 
8,9,10,11,12 
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No   change   of    temperature  either   during    or   after    the 
contractions. 


28th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-0070422°C. 

Rise  or  fall  of  temperature. 

Time  from  , —  -* ^ 

commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

0  minutes   0° ,,..         0°  Commenced  contractions. 

1, 2, 3, 4, 5,  6, 7  minutes      „ „ 

Stopped  contractions. 
8,9,10,11,12 

No   change   of    temperature   either   during   or   after    the 
contractions. 


29th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0'0074022°C. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1,2, 3, 4, 5, 6, 7  minutes      „ „ 

Stopped  contractions. 
8,  9,  10, 11,  12 


>»  ,j 


No  change  of  temperature  either  during  or  after  the  con- 
tractions. 

30th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-0074022°C. 

At  the  end  of— 

0  minutes    0°     0°  Commenced  contractions. 

1, 2,  3,  4, 5,  6,  7  minutes     ,,      „ 

Stopped  contractions. 
8,9,10,11,12        „  „ „ 

No  change  of  temperature  either  during  or  after  the  con- 
tractions. 
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81st  Experiment. 
1°  deflection  of  galvanometer  is  equal  to  0"0045°C. 

Rise  or  fall  of  temperature. 

Time  from  r^ * ^ 

commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of— 

0  minutes    0°     0°  Commenced  contractions. 

1, 2,  3,  4,  5,  6  7  minutes     „      „ 

Stopped  contractions. 
8,9,10,11,12        „  „      „ 

No  change  of  temperature  either  during  or  after  the  con- 
tractions. 

32nd  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0'004166°C. 

At  the  end  of — 

0  minutes +0°     0°  Commenced  contractions, 

2  , +100° +0-4166°C. 

3  4,  5,  6, 7  minutes    .,,+    „   +       „ 

Stopped  contractions. 

In  this  experiment  the  rise  was  probably  in  great  part 
due  to  an  elevation  of  the  general  thermal  levels  such  as  we 
have  before  considered  in  17th  and  19th  Experiments.  There 
was  in  this  case  no  observation  of  the  temperature  after  the 
close  of  the  contractions. 

We  will  now  analyse  the  thirty-two  experiments  thus  far 
given ;  and  to  this  end,  we  will  first  divide  them  into  eight 
classes,  as  follows,  giving  the  numbers  and  percentages  of 
cases  belonging  to  each  class,  and  also  designating  the 
particular  experiments  in  which  they  are  found  : 

Number  of     Per-  Where  found, 

cases,     centages.  — 

—  —  Experiments. 

a.  Casesof  rise  of  temperature  without  fall    1     ...     3'125     ...     12th. 
I,        „        fall  „  „  rise    2     ...     6-250     ...     8th  and  20th. 

c.        „        rise  of  temperature  counter- 1  ^ 

balanced  by  equal  fall  below  U     ...  12-500     . , .  j^     "kd  22nV 
starting  point J 
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Numoer  of     Per-  Where  found, 

cases,     centages.  — 

—  —  Experiments. 

a.  Cases  of  rise  and  fall  together,  the  fall  T  J  ^in^fiuh^'stt!' 

heing  greater  than  the  rise/        '■'     ^  "'1         ,  '.  ,    '         * 

L   and  14th. 

e.        „        rise  and  fall  together,  the  rise 

being  greater  than  the  fall  .     1     ...     3'125     ...     6th. 

{23rd,  24th,  25th, 
26th,27th,28tb, 
29th,  30th,  and 
31st. 
ff.        „        rise  to  higher  general  level  .. .     3     ...     9'375     ...     I7th,  19th,  and 

32nd. 
h.        „        fall  to  lower  general  level    ...     4     ...  12-500     ...     1st,    5th,    I5th, 

and  16th. 

Omitting  the  seven  experiments  attributed  to  change  of 
thermal  level,  we  have  left  twenty-five  results,  in  fourteen 
of  which  a  rise  was — at  some  period — noted;  although  in 
all  but  two  of  these  cases  (12th  and  6th  Experiments),  the 
rise  was  either  counterbalanced  or  outweighed  by  a  fall,  and 
in  one  of  the  two  (6th  Experiment),  the  rise  was  immediately 
succeeded  by  a  fall  to  the  initial  temperature,  and  subse- 
quently to  a  point  below  the  latter..  We  have,  therefore, 
only  a  single  instance  that  can  fairly  be  adduced  as  evidence 
of  a  rise  of  temperature  due  to  muscular  contraction.*  On 
the  contrary,  we  have  two  cases  of  independent  fall,  and 
eight  cases  in  which  the  fall  was  in  excess  of  the  accompany- 
ing rise. 

Making  a  new  table  out  of  the  twenty-five  cases  open  to 
discussion,  we  have  the  following  values  : 

Number  Per- 

of  cases.      centages. 

a.  Cases  in  which  a  rise  of  temperature  either  existed  inde- 
pendently or  predominated 2       ...         8 

J.  „  „  a  fall  of  temperature  either  existed  inde- 
pendently or  predominated 10       ...       40 

*  If  the  three  experiments  (l7th,  19th,  and  32nd)  attributed  to  rise  of  general 
thermal  level  be  taken  into  account  as  possibly  connected,  in  any  decided  degree, 
with  the  muscular  movements,  we  must,  in  justice,  give  an  equally  important  place 
to  1st,  5th,  15tb,  and  16th  experiments,  in  which  the  muscular  exertion  was  accom- 
panied by  a/aZZ  of  temperature.  The  two  sets  of  cases  would  thus  counter- 
balance each  other. 


23 

Number  Per- 

of  cases,      eentages. 

e.  Cases  In  which  both  a  rise  and  a  fall  of  equal  extent 

existed 4       ...       16 

„  „      no  change  of  temperature  occurred  9       ...       36 

From  the  above  figures   it  will  be   seen  that  the  cases  in 

which  a  fall  of  temperature  predominated  were  the  most 
numerous.  Next  in  number  come  the  cases  where  no  change 
of  temperature  occurred,  while  the  instances  in  which  a  rise 
predominated  show  the  smallest  figure  of  all. 

Taking,  in  each  of  the  fourteen  experiments  in  which  a 
rise  occurred,  the  highest  thermometric  value  attained 
(whether  found  during  the  contractions,  or  in  the  subsequent 
period  of  repose),  we  find  the  average  greatest  rise  to  be 
0-03637°C.  ;  the  extremes  being  0'0625°  C,  and  0-0172°  C. 
In  the  fifteen  cases  in  tvhich  a  fall  occurred,  the  average 
greatest  fall  was  0'04124°  0.,  the  extremes  being  0-0774°  0., 
and  0-014°  C. 

Of  seventy-three  experiments  on  the  quadriceps  extensor 
cruris  (the  most  powerful  of  the  muscles  concerned  in  the 
experiments  in  hand)  tabulated  by  Dr.  Amidon,*  thirty- 
seven  showed  a  rise  of  temperature,  twenty-three  a  fall  of 
temperature,  and  in  thirteen  no  change  occurred.  The 
percentages  of  the  three  conditions  were,  therefore,  as 
follows : 

Rise  of  temperature 50"6849  percent. 

Pall  „  31-5068 

Temperature  unchanged 17'8083         „ 

The  average  rise  of  temperature  in  the  thirty-seven 
cases  in  which  this  condition  existed,  was  0-40915°  C,  the 
extremes  being  1-38875°  C,  and  0-13888°  C.  ;  these  figures 
being,  respectively,  eleven,  twenty-two,  and  eight  times 
the  corresponding  values  found  by  the  v^riters. 

*  Op.  cit.,  p.  38 


24 


Experionents  on  the  contraction  of  the  muscles  of  the  calf. 
The  thermo'jpile  was  placed  at  a  point  distant  from  the 
root  of  the  nose  290  mm.  on  the  median  line,  and  distant 
laterally  from  this  line  25  mm.  The  pile  was  on  the  left 
side  of  the  head,  and  the  muscles  of  the  right  side  ivere 
contracted, 

1st  Experiment. 
1°  deflection  of  galvanometer  is  equal  to  0"004!l66°C. 

Rise  or  fall  of  temperature. 

Time  from  f " , 

commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments. 


At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1, 2,  3, 4,  5,  6,  minutes      „ ,  „ 

10  minutes    —T — •0-0291°C. 

Stopped  contractions. 

{—10° — 0-0416°C.i 
—  7° — 0-0291°C.  I  Temperature  oscillating. 
-  4° -0-0166°C.J 

In  this  case  during  the  first  six  minutes  of  muscular  action 
the  temperature  was  unaffected ;  at  the  end  of  the  tenth 
minute,  however,  it  had  fallen  0*0291°  0.  below  the  starting 
point.  During  the  six  minutes  of  repose  following  it  fluct- 
uated, 0-0416°  C,  0-0291°  C,  and  0-0166°  C,  all  below  the 
starting  point,  being  noted. 

2nd  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0"004166°C. 
At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

0208°C.  -1 

1, 2, 3,4, 5,6,7  minutes  \      0° 0°  >•  Temperature  oscillating. 

L  +5° +0-0208°C.J 


r— 5° — 0-0208°C. 

I 

Stopped  contractions. 

—5° — 0-0208°C.i 

8, 9,10, 11, 12  minutes -{      0° 0°  I  Temperature  oscillating. 

+  0-0208°C.  J 


i-^      0°. 
L+5°. 


Oscillation  about  the  starting  point,  with  a  range  of 
0-0208°  C.  above  and  below  the  latter,  marked  the  seven 
minutes  of  contraction  and  the  five  minutes  of  subsequent 
repose  of  this  experiment* 
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3rd  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0*004166°C. 

Rise  or  fall  of  temperature. 

Time  from  f "^ ^ 

commencement  Deilections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions, 

1,2,3,4,5, 6, 7  minutes       „  „ 

Stopped  contractions. 
8,9,10,11,12      „  „  '  „ 

No  change  of  temperature  either  during  or  after  the  con- 
tractions. 

4th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0'004166°C. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1,2,3,4,5,6,7 minutes       „  „ 

Stopped  contractions. 
8,9,10,11,12 

No  change  of  temperature  either  during  or  after  the  con- 
tractions. 

We  have,  as  the  results  of  these  four  experiments,  one 
case  of  fall  of  temperature  (0"0416°  C.  at  its  greatest)  (1st 
Experiment)  ;  one  case  of  equal  rise  and  fall,  of  0*0208°  C. 
(2nd  Experiment) ;  and  two  cases  in  which  no  change  of 
temperature  occurred  (3rd  and  4th  Experiments). 

Seventy-three  experiments  on  these  muscles,  tabulated  by 
Dr.  Amidon,*  give  the  following  values  : 

Number      Percent- 
of  cases.  ages. 

Rise  of  temperature    42     ...     57-5343     ...     Average  rise,  0-37037°C. 

FaU  „  9     ...     12-3288     ...     Maximum,,     0-9722°C. 

Temperature  unchanged...     22     ...     30-1369     ...     Minimum  „    0-1388°C. 

*  Op.  cit.,  p.  36, 


26 


Exjperiments  on  the  contraction  of  the  hicejps  of  arm.  The 
thermo-pile  was  placed  at  distances  from  the  root  of 
the  nose,  on  the  median  line,  varying  from  180  mm.  to 
200  mm.^  and  laterally  at  distances  from  the  same  line  of 
25  mm.,  30  mm.,  and  40  mm.  The  pile  was  on  the  left 
side  of  the  head,  and  the  muscle  of  the  right  side  ivas 
contracted, 

1st  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0'004237°C. 

Rise  or  fall  of  temperature. 

Time  from  f " ^ 

commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1  „        , — 1° — 0-0042°C. 

2  „        +5° +00211°C. 

3  „        —2° — 0-0084°C. 

4  „        —5° — 0-0211°C, 

5  „        :..    +1° +0-0042°C. 

6i  , +5° ...+0-0211°C. 

7i  „        —8  — 0-0338°C. 

8  „ ~9 — 0'0381°C. 

Stopped  contractions. 

[-—8° — 0-0338°C.i 

9,  10,  11,  12,  13,  14,  I  ^^o +  0-0042°C.  I  Temperature  oscillating. 

lS"^i""*^« 1+6° +0-0254°cJ 

In  ttis  experiment  the  temperature  alternately  fell  below 
and  rose  above  the  starting  point  during  the  eight  minutes 
of  the  contractions,  the  greatest  fall  being  0"0381°  0.,  and  the 
greatest  rise  0'0254°O.  During  the  seven  minutes  of  repose 
succeeding  the  contractions,  the  temperature  fluctuated,  touch- 
ing, successively,  points  0*0042°  0.  and  0*0254°  C.  above,  and 
0"0338°  0.  below  the  initial  temperature. 


2nd  Experiment. 


1°  deflection  of  galvanometer  is  equal  to  0"004166''C. 
At  the  end  of — 

0  minutes  0°.,: 0°  Commenced  contractions, 

1,2, 3,4, 5,  6, 7  minutes      „ , „  „ 


27 

Rise  or  fall  of  temperature. 

Time  from  ( * ^ 

commencement  Deflections  of        Thermometric 

of  contractions,  galvanometer.  values.  Comments. 

At  the  end  of — 

8  minutes    +5° +0-0208°C. 

Stopped  contractions. 
9, 10, 11, 12, 13  minutes       0° 0° 

In  tliis  experiment  at  the  end  of  eight  minutes  of  con- 
tractions a  rise  of  0*0208°  C.  had  occurred.  During  the  five 
minutes  of  repose  following_,  the  temperature  fell  back  to 
the  starting  point,  and  stood  there  at  the  close  of  the 
experiment. 

3rd  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0'004166°C. 

At  the  end  of — 

0  minutes    0° 0°  Commenced  contractions. 

1,2,3,4,5,6  minutes        ,,  „ 

7  minutes    +6° ,..+0-025°C. 

Stopped  contractions. 
8, 9,  10,  11,  12  minutes      0° 0° 

In  this  experiment  at  the  end  of  seven  minutes'  muscular 
action,  the  temperature  stood  at  0'025°  C.  above  the  starting 
point.  Subsequently  a  fall  to  zero  ensued,  and  this  latter 
temperature  was  preserved  during  five  minutes  of  repose. 

4th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0'004166°C. 
At  the  end  of — 

0  minutes    0° 0°  Commenced  contractions. 

1, 2,  3, 4,  5, 6,  7  minutes      „  „ 

Stopped  contractions. 
8,9,10,11,12       „ 

No  change  of  temperature  either  during  or  after  the  con- 
tractions. 

5th,  6th,  7th,  8th,  9th,  10th,  11th,  12th,  13th,  14th,  15th, 
and  16th  Experiments  were  made  under  the  same  conditions 
as  4th  Experiment,  and  furnished  the  same  negative  results 
as  the  latter. 

Our  sixteen  experiments  may  be  grouped  as  follows : 
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Number  of    Per-  Where  found, 
cases,     centages.  — 

—  —  Experiments. 

a.  Cases  of  rise  of  temperature,  followed  by  a 

fall  to  the  starting  point  2     ...  12'50     , . .  2nd  and  3rd. 

i.        „      rise  and  fall  together,  the  fall  being 

greater  than  the  rise 1     ...     6'25     ...  1st. 

c.        „      temperature  remaining  unchanged    13     ...  81*25     ...  4th  to   16th 

inclusive. 

Dr.  Amidon  has  tabulated  the  results  of  sixty-two  experi- 
ments on  this  muscle.*  From  them  we  obtain  the  following 
values : 

Number  of        Per- 
cases.        centages. 

Eise  of  temperature 40     ...     64-51 61     ...     Average  r ise,  0'2868°C. 

Fall  „  4     ...       6-4517     ...     Maximum,,     r25°C. 

Temperature  unchanged 18     ...     29-0322     ...     Minimum,,    O-0555°C. 


Experiments  on  the  contraction  of  the  trapezius  and  the  levator 
anguli  scapulce.  The  thermo-pile  was  placed  at  a  point 
distant-  from  the  root  of  the  nose,  on  the  median  line, 
120  mm.  to  130  mm.,  and  distant  laterally  from  the  same 
line  20  mm.  to  40  mm.  The  pile  was  on  the  left  side  of 
the  head,  and  the  muscles  of  the  right  side  were  con^ 
traded. 


1st  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-004237°C. 

Rise  or  fall  of  temperature. 

Time  from  (— '■ ^ 

commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

0  minutes 0° 0  Commenced  contractions. 

1  „         —2° — 0-0084°C. 

2  „         —11° — 00466°C. 

3  ,,  5) ,, 

3i  „         —5° — 0-0211°C. 

4  „         —4° — 00169°C. 

5  „         —6° — 0-0254°C. 

5i  „         —4° — 0-0169°C. 

6  „         +2° +0-0084°C. 

*  Op.  cit.,  p.  24. 


Time  from 
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Rise  or  fall  of  temperature. 


commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer,  values.  Comments. 

At  the  end  of — 
7minuteg 0° ,...         0° 


Stopped  contractions. 

r   —6° — 0-0254°C  T 

8,  9,  10,  11  minutes  ■<        ^o  +0'0169°C   f  Temperature  oscillating. 

12  minutes — 1° — 0-00423°C. 

We  have  here^  during  seven  minutes  of  contractions 
(with  the  exception  of  a  temporary  rise  of  0  0084°  C.  in  the 
sixth  minute),  a  temperature  continuously  at  or  below  the 
starting  point,  the  maximum  fall  being  0'0466°  0.  During 
four  minutes  of  inactivity  immediately  following  the  con- 
tractions the  temperature  fluctuated  between  0*0254°  C. 
below,  and  0*01 69°  C.  above,  the  starting  point.  When  the 
experiment  closed — at  the  end  of  the  twelfth  minute  from 
the  commencement — the  temperature  was  0*00423°  C.  below 
the  zero. 

2nd  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0*004237°C. 

Commenced  contractions. 


At  the  end  of— 
0  minutes 

0° 

0° 

2      „         

—10° 

— 0-0423°C. 

3      „         

+5° 

+o-02irc. 

4      „         

+1° 

+0-00423°C. 

4i    „         

+10° 

, +0-0423°C. 

5       „         

+2° 

+  0-0084°C. 

6      „         

—5° 

— 0-0211°C. 

7      „        

—2° 

, — 0-0084°C. 

8      „        

10      

......    +2° 

—3° 

+0-0084°C. 

— 0-0127°C. 

Stopped  contractions. 

r   —3° — 00127°C,i^ 

13      „        <        go  ,  Q.o2ii°C  r  Temperature  oscillating. 

In  this  experiment  the  temperature  fell  and  rose  unsteadily 
during  the  seven  minutes  of  contractions,  the  maximum  fall 
and  the  maximum  rise  being  each  0*0423°  C.  At  the  close 
of  the  contractions  the  temperature  stood  at  0*0084°  C. 
below  the  starting  point.  During  the  subsequent  period  of 
repose  the  temperature  varied  between  0"0127°C.  below,  and 
0'0211°  C.  above,  the  starting  point. 


so 


Time  from 
commencement 
of  contractions. 

At  the  end  of — 

0  minutes 

1  « 

2  „ 
3i    „ 

5  „        

6  , 

7  „        

•  a      M  

8  „        

82     >»        

9  „         

10      ,, 


3rd  Experiment. 

deflection  of  galvanometer  is  equal  to  0'004237°C. 
Rise  or  fall  of  temperature.  • 


Deflections  of 
galvanometer. 


Therinometric 
values. 


Comments. 


Commenced  contractions. 


11, 12, 13, 14  minutes  | 
15      „ 


0° 0° 

+  5° +0-0211°C. 

+  2° +0-0084°C. 

+  3° -r0-O127°C. 

—3° — 0-0127°C. 

—5° — 0-0211°C. 

+  4° +0-0169°C. 

+  2° +0-0084°C. 

+  3° +  0-0127°C. 

—4° r — 0-0169°C. -1  ^  ^  ...  ,. 

go  +0'0127°C   f  Temperature  oscillating. 

—3° — 0-0127°C. 

+  2° +0-0084°C. 

Stopped  contractions, 

-5° -0-0211°C-i^  ,  .,,  ,. 

^30  +0-0127°C   r  Temperature  oscillating. 

—5° — 0-0211°C. 


In  this  experiment  the  temperature  fluctuated  unsteadily^ 
both,  during  the  contractions  and  during  five  minutes  of 
subsequent  inactivity.  The  maximum  rise  and  fall  during 
the  contractions  were  equals  namely,  0"0211°  0.  During 
the  period  of  repose  the  maximum  fall  was  0*021 1°  C,  and 
the  maximum  rise  was  0-0127°  C.  At  the  close  of  the 
experiment  the  temperature  was  0'0211°  C.  below  the 
starting  point. 

4th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0'004237°C. 

At  the  end  o£ — 

0  minutes 0° 

1,  2,  3,  4,  5,  6,  7,  ■ 

8  minutes.. 


Commenced  contractions. 


}    ■■ 


Stopped  contractions. 


9,  10,   11,   12,   13-1 

minutes J         "  "' "*°'  " 

No    change   of  temperature   either   during   or   after    the 
contractions. 
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5th,  6th,  7tli,  and  Sth.  Experiments^  made  under  similar 
conditions  to  4tli  Experiment,  gave  similar  negative  results. 

In  tlie  following  two  experiments  tlie  pile  was  placed  on 
the  left  frontal  eminence,  20  mm.  from  the  median  line  : 


9th  Experiment. 


Time  from 
commencement 
of  contractions. 

At  the  end  of — 
0  minutes  , . . , 
1 
2 
3 
4 
5 
6 
7 
7i 

8i 

91 
lOi 
Hi 
12i 


1°  deflection  of  galvanometer  is  equal  to  0'004237°C. 
Rise  or  fall  of  temperature. 


Deflections  of 
galvanometer. 


Thermometric 
values. 


..       0° 0° 

,.—  7° — 0'0296°C. 

,.—13° — 0-0550°C. 

.—30° — 0-127l°C. 

,.—40° — 0-1694°C. 

.—52° — 0-2203°C. 

.—57° — 02415°C, 

.—61° — 0-2581°C. 

.—67° — 0-2838°C. 

.—68° — 0-2881°C. 

.—72° — 0-3050°C. 

.—74°.... — 0-3135°C. 

.—67° — 0-2838°C. 

.—68° — 0-2881°C. 


Comments. 


Commenced  contractions. 


Stopped  contractions. 


During  the  whole  time  of  the  contractions,  in  the  above 
experiment,  the  temperature  fell  steadily  and  decidedly,  the 
maximum  fall  being  0"2838°  C,  attained  at  the  close  of  the 
contractions.  During  the  succeeding  five  minutes  of  in- 
activity, the  fall  reached  0*3135°  0.  below  the  starting  point. 
The  last  value  recorded  was  0*2881°  C.  below  the  zero.  The 
jBxplanation  of  this  fall  is  probably  that  already  given  of 
similar  depressions  of  temperature  (1st  Experiment  on 
extensors  of  leg,  p.  6). 

10th  Experiment, 

1°  deflection  of  galvanometer  is  equal  to  0'004237°C. 
At  the  end  of — 

0  minutes 0° ,         0°  Commenced  contractions. 


5° — 0-0211°C. 
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Rise  or  fall  of  temperature. 

Time  from  f  '  '■ ^ 

commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

3  „      —10° .— 0-0423°C. 

4  „      —13° — 0-0550°C. 

5  „      —15° — 00635°C. 

6  jj —  J) >» 

7  „      —14° — 0-0593°C. 

8  „      —12° — 0-0508°C. 

8i  „      —  5° — 0-0211°C. 

9  „      0° 0° 

9js      „      +   2° +0-0084°C. 

10  „      +   5° +0-0211°C. 

Stopped  contractions. 

11  „      —  5° — 0-0211°C. 

12  , —10° — 0-0423°C. 

13  „ —13° — 0-0550°C. 

14  „      —11° — 0-0466°C. 

15  „      —12° — 0-0508°C. 

In  this  experiment,  during  tlie  first  five  minutes,  the  tem- 
perature fell  steadily,  reaching  at  the  end  of  this  time  a 
point,  0*0636°  C,  below  the  zero.  After  being  stationary 
for  a  minute  the  temperature  began  to  rise  steadily  towards 
zero,  reaching  this  point  at  the  end  of  the  ninth  minute,  and 
passing  0*0211°  C.  above  it  in  the  succeeding  minute. 
During  the  five  minutes  of  repose  following  the  contractions 
the  temperature  again  fell  below  the  starting  point,  being, 
at  the  end  of  the  thirteenth  minute  from  the  commencement 
of  the  experiment,  0'055°  C.  below  the  zero.  At  the  close 
of  the  experiment  the  temperature  was  still  below  the  starting 
point  by  0*0508°  C. 

We  may  group  our  ten  experiments  on  the  trapezius  and 

levator  anguli  scapulae  as  follows : 

Number  of       Per-  Where  found, 

cases.        centages.  — 

—              —  Experiments. 
a.  Cases  of  rise  of  temperature  counter- 
balanced by  equal  fall  below 

starting  point    2  ...       20  ...       2nd  and  3rd. 

5.         „         rise  and  fall  together,  the  fall 

being  greater  than  the  rise       2  ...       20  ...       1st  and  10th. 

c.  „         temperature  remaining  un-  f    -                 gQ  "1  4fch,    5th,   6th, 

changed L  "    J    7th  and  8th. 

d.  „        fall  to  a  lower  general  level      1       ...       10       ...       9th. 
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•  The  average  highest  rise  was  0*0253°  C,  the  maximum 
and  minimum  being,  respectively,  0'0423°  C.  and  0"0169  C. 
The  average  greatest  fall  was  0-0433°  0.,  the  maximum 
being  0-0635°  C,  and  the  minimum  0-0211°  C. 

From  Dr.  Amidon-'s  table  of  ninety-three  experiments  on 
these  muscles  we  deduce  the  following  values  :* 

Number  of        Per- 
cases.        centages. 

Rise  of  temperature 52     ...     55-9140     ...     Average  rise,  0'3552°C. 

Fall  „  2     ...       2-1505     ...     Maximum,,     0-9722°C. 

Temperature  uuchauged 39     ..,     41-9355     ...     Miuimiim  „     0-1388°C. 


Experiments  on  the  contraction  of  the  orbicularis  palpebrarum. 
The  thermo-pile  ivas  placed  at  a  point  situated  between 
90  mm.  and  110  mm.  above  the  centre  of  the  external 
auditory  meatus,  and  30  mm.  posteriorly  to  the  latter. 
The  pile  was  on  the  left  side  of  the  head,  and  the  muscle 
of  the  right  side  tvas  contracted. 


Time  from 
commencement 
of  contractions. 


At  the  end  of- 

0  minutes.., 

1  „      ... 


1st  Experiment. 

deflection  of  galvanometer  is  equal  to  0"004237°C. 
Eise  or  fall  of  temperature. 


Deflections  of 
galvanometer. 


Tbermometric 
values. 


2 
3 

4 
5 

5i 
6i 

7 


8,  9,  10,  11,  12,  13, 
14  minutes    ' 


0° 0° 

+  3^ +0-0127°C. 

+  5° +0-0211°C. 

—7° — 0-0296°C. 

—5° — 00211°C. 

+  1° +000423°C. 

—3° — 0-0127°C. 


0= 


0" 


—2' — 0-0084"C. 

0° 0'     ^ 

+  3° +0-0127T. 


Comments. 


Commenced  contractions. 


Stopped  contractions. 
Temperature  oscillating 


*  Op.  cit.,  p.  31. 
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in  this  experiment  the  temperature  rose  during  the  first 
two  minutes  0'0211°  C,  but  during  the  next  minute  it  fell 
0'0296°  C.  below  the  starting  point.  At  the  end  of  the  fifth 
minute  the  zero  had  again  been  passed,  and  a  positive  rise  of 
0*00423°  0.  noted.  During  the  next  minute  and  a  half 
another  fall  occurred  to  0"0127°  C.  below  the  zero.  At  the 
end  of  the  last  minute  of  the  contractions  the  temperature 
was  back  at  the  starting  point.  Seven  minutes  of  sub- 
sequent inactivity  showed  an  oscillation  about  the  zero,  with 
a  range  of  0-0084°  0.  below,  and  of  0-0127°  C.  above,  that 
point. 


2nd  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0'004237°C. 


Time  from 
commencement 
of  contractions. 

At  the  end  o£ — 
0  minutes 


6,  7,  8  minutes. 


9  minutes 
10 


11^ 


Eise  or  fall  of  temperature. 

, « . 


Deflections  of 
galvanometer. 


Thermometric 
values. 


Comments. 


0° 


OP 


Commenced  contractions. 


+  1° +0-00423°C. 

—3° — 0-0127°C. 

+  7° +0-0296°C. 

+  4° +0-0169°C. 

—9° — 0-0381°C.-| 

— 0-0169°C.  I  Temperature  oscillating. 

+0-0084°C.J 

Stopped  contractions. 

—9° — 0-0381°C.-j 

— 0-0169°C.  I  Temperature  oscillating. 

+  0  0084°C.J 

.—11° — 0-0466°C. 

.    +3° +0-0127°C. 

-1° — 0-00423°C. 

+00127°C. 

+0-0296°C. 


f-9°. 

-4°. 

I  +2°. 

r-9°. 

I  +2°. 


<  +3°, 
1+7°. 


In  this  experiment,  after  a  rise  of  0*00423°  C.  at  the  end 
of  the  first  minute,  the  temperature  fell  0-0127°  C.  below  the 
starting  point.  At  the  end  of  the  third  minute,  however, 
it  stood  at  0  0296°  C.  above  the  zero.  During  the  last 
(fifth)  minute  of  the  contractions  it  was,  by  turns-,  0-0381°  C. 
and  0-0169°  0.   below,  and  0-0084°   C.   above  the   starting 
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point.  These  values  wei-e  unchanged  during  the  first  three 
minutes  of  repose,  but  in  the  ninth  minute  from  the  com- 
mencement of  the  experiment  the  temperature  fell  to 
0'0466°  C.  below  the  zero.  During  the  final  minute  and  a 
half  of  the  observations,  the  temperature  fluctuated  between 
0-00423°  C.  below,  and  0'0127°  0.  to  0-0296°  C.  above  the 
starting  point. 

3rd  Experiment. 

1°  deflection  o£  galvanometer  is  equal  to  0"004237°C. 

Rise  or  fall  of  temperature. 

Time  from  , ' ^ 

commencement  Deflections  of        Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

0  minutes y...      0° 0°  Commenced  contractions. 

i      „ +5° +0-0211°C. 

1  „  +2° +0-0084°C. 

2  „  — 1° — 0-00423°C. 

3  „  —15° — 0-0635°C. 

4  „  —7° — 0-0296°C. 

4i  , —5° — 00211°C. 

5  „  —2° — 0-0084°C. 

6  „  +2° +0-0084°C. 

7  „  +»    : +  „ 

7i  +5° +0-0211°C. 

8  „ +1° +0-00423°C. 

9  „       —2° — 0-0084°C. 

9i  „       +„  +       „ 

10        „       — ,  —      „ 

Stopped  contractions. 

5°  0'0211°C  ) 

o rv rvor><?or(*  /Temperature  oscillating. 

+  7  +  O'Ozyo  C  * 

16      „  — 1° — 0'00423°C. 

In  the  above  experiment  we  have,  first — at  the  end  of  half 
a  minute— a  rise  of  0*0211  C.  ;  then,  a  fall,  which,  at  the 
end  of  the  third  minute,  carried  the  temperature  to  0-0635°  C. 
below  the  starting  point ;  after  this  a  gradual  recovery, 
amounting,  at  the  end  of  seven  and  a  half  minutes  from  the 
commencement  of  the  experiment,  to  0-0211°  C.  positive 
rise;  and  finally  another  fall  to  0-0084°  C.  below  the  starting 
point,  with  a  temporary  recovery  (at  the  end  of  nine  and  a 
half  minutes)  to  0-0084°  C.  above  the  zero  intervening. 
During   the    first   five,  minutes  of  repose,    the    temperature 
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fluctuated  between  0-0211°  C.  below,  and  0-0296°  C.  above  tbe 
starting  point ;.  the  last  temperature  noted  (end  of  sixteenth 
minute)  was  0-00423°  0.  below  that  point. 

4tli  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0'004237^C. 

Rise  or  fall  of  temperature. 

Time  from  . '■ ^ 

commencement  Deflections  of         Thermometric 

of  contractions,  galvanometer.  values.  Comments. 

At  the  end  of— 

0  minutes , 0° ,         0°  Commenced  contractions. 

1,2,3,4,5, 6, 7  minutes      „  „ 

Stopped  contractions. 
8,9,10,11,12       „ 

No  change  of  temperature,  either  during  or  after  the 
contractions. 

5th,  6th,  7th,  8th,  9th,  and  10th  Experiments,  made 
under  conditions  identical  with  those  of  4th  Experiment, 
furnished  similar  negative  results. 

We  will  group  our  ten  experiments  on  the  orbicularis 
palpebrarum  as  follows: 

Number  of       Per-  Where  found. 
cases.        centages.  — 

—  —  Experiments. 

a.  Cases  of  rise  and  fall  of  temperature 

together,    the     fall    being 

greater  than  the  rise 3       ,,.       30       ...       1st,  2nd,  3rd. 

b.  „         temperature  remaining  un-J    ^  i-^  1  4th,5th,6th,7th, 

changed I  '■'        '         '"  j    8th,  9feh,  10th. 

The  average  highest  rise  was  0*0466°  C,  the  extremes 
being  0-0635°  C,  and  0-0296°  0.  The  average  lowest  fall 
was  0-0268°  C,  the  extremes  being  0-0296°  C,  and  0-0211°  C. 

From  Dr.  Amidon''s  table  of  thirty-six  experiments  on 
this  muscle  we  obtain  the  following  figures  :  * 

Number  of        Per- 
cases.        centages. 

Rise  of  temperature 80     ...     83-3334     ...     Average  rise,  0-3425°C. 

Fall  „  1     ...     '2-7777     ...     Maximum,,    0-8333°C. 

Temperature  unchanged 5     ...     13'8889     ...     Minimum  „    0-138S°C. 

*  Op.  cit.,  p.  42. 
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Hjxpeo-iments  on  tlie  contraction  of  the  orhicularis  p alp ehr arum, 
levator  lahii  siqoerioris  proprins,  zygomatici,  and  risorius, 
all  acting  simultaneously.  The  point  on  wliich  the  thermO' 
pile  ivas placed,  tvas  situated  between  90  and  110  mm.  above 
the  centre  of  the  external  auditory  meatus,  and  30  mm'. 
posteriorly  to  the  latter.  In  the  first  three  experiments, 
the  pile  ivas  on  the  eight  side  of  the  head,  and  the  muscles  of 
the  LEFT  side  were  contracted.  This  arrangement  ivas  neces- 
sitated by  the  inability  of  the  subject  to  contract  the  muscles 
of  the  right  side.  In  the  subsequent  six  experiments,  the  pile 
ivas  on  the  left  side  as  usual,  the  subject  being  changed,    ■ 


1st  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  O-004237°C. 
Rise  or  fall  of  temperature. 


Time  from 
commencement 
of  contractions. 

At  the  end  of — 
0  minutes  ,.,..,. 

Deflections  of 
galvanometer. 

0° 

Thermometric 
values. 

0° 

+0-0296°C. 

+0-025'ai°C. 

Comments 
Commenced  cont 

1        „      

+7° 

2        „      

+6° 

3        „      

+4° 

+0-0169°C. 

3^      „      

+5° 

+0-0211°C, 

+0-0423°C. 

+       „ 

+0-0338°C. 

+0-0127°C. 

4         „      

+10° 

5        „      

+  „   

6         „      

+8° 

7        „      

+3° 

71      „      

—5° 

— 00211°C. 

— 0-0338°C. 

— O-05O8°C. 

— 0-0550°C. 

8         „      

—8° 

8^      ,,      

—12° 

9         „      

—13° 

11        „ 

—36° 

— 0-1535°C. 

— 0-1821°C. 

— 0-1440°C. 

Stopped  contract 

12^^       „      

—43° 

14         „      

—34° 

In  tliis  experiment  the  temperature,  at  the  end  of  the 
first  minute,  stood  0*0296°  C.  above  the  starting  point.  By 
the  end  of  the  third  minute,  this  rise  had  been  reduced  to 
0"0169°  0.  ;  but  subsequently  a  fresh  rise  occurred,  the 
temperature  mounting  to  0*0423  C.  above  the  starting  point, 
in  the  fourth  minute ;    but,    setting    out   from    this   time   a 
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steady  fall  commenced,  0'0338°  C.  below  the  starting  point 
being  noted  at  the  end  of  the  eighth  minute.  During  the 
last  minute  of  the  contractions  the  temperature  fell  to 
0*055°  C.  below  the  starting  point.  The  subsequent  period 
of  inactivity  was  marked  by  a  still  greater  fall,  the  maximum 
depression — at  the  end  of  twelve  and  a  half  minutes  from 
the  commencement  of  the  experiment — being  0'1821°  C. ; 
the  last  fall  was,  however,  probably  due  to  causes  other 
than  the  muscular  action,  as  in  similar  cases  given  before 
(1st  Experiment  on  extensors  of  leg,  p.  6). 


Time  from 
commencement 
of  contractions. 

At  the  end  of— 

0  minutes 

1 
2 
3 
4 
6 
6 

.7 

8 
10 

11 

12 
13 


2nd  Experiment. 

r  deflection  of  galyanometer  is  equal  to  0-004237°C. 
Kise  or  fall  of  temperature. 


Deflections  of 
galvanometer. 


Thermometric 
values. 


0° 


0° 


,  — 1° — 0-00423°C. 

.  —5° — 00211°C. 

.—15° — 00635°C. 

.—21°. — 0-0889°C. 

.—23° — 00975°C. 

.—25°.... — 0-1059°C. 


.—36°... — 0-1525°C. 

.—37° — 01567°C. 

.—40° — 0-1694°C, 

.—55° — 0-2330°C. 


Comments. 


Commenced  contractions. 


Stopped  contractions. 


Here  we  have  a  steady  fall  of  temperature  from  the 
beginning  to  the  end  of  the  experiment,  probably  owing 
chiefly  to  a  fall  of  thermal  level,  and  not  to  the  muscular 
movements. 

3rd  Experiments. 


1°  deflection  of  galvanometer  is  equal  to  0*004237°C. 

........         0°  Commenced  contraction^ 


At  the  end  of — 

0  minutes 0 


3d 


Rise  or  fall  of  temperature. 

Time  from  ( * \ 

commeucement  Deflections  of         Thermometric 

of  contractions.  galvanometer.  values. 

At  the  end  of — 

2  minutes +1° +0'00423°C. 

4  "  +4° +0-0169°C. 

4t\  „  +2° +0-0084°C. 

5  ,j  + }} +      )> 

6  „  0° 0° 

6i  „  — 1° — 000423°C. 

7  „ +2° +0-0084°C. 

7h  „  —2° — 0-0084°C. 

8^  „  —6° — 0-0254°C. 

9^  „  —4° — 0-0169°C. 

Ill  „  —8° ..— 0-0338°C. 

121  „  —6° — 0-0254°C. 

13i  „  —4° — 00169°C. 

141  _6° — 0-0254°C. 


Comments 


Stopped  contractions. 


In  the  above  experiment,  the  temperature  rose  during  the 
first  few  minutesj  reaching  at  the  end  of  the  fourth  minute 
0*0169°  C.  above  the  starting  point.  After  this  time,  how- 
ever, it  commenced  to  fall,  touching  zero  at  the  end  of  the 
sixth  minute,  and  passing  0-00423°  C.  below  this  point  in 
the  half  minute  following.  A  recovery  to  0"0084°  C.  above 
the  zero  took  place  in  the  seventh  minute,  but  the  tempera- 
ture again  fell,  and  when  the  contractions  were  stopped — • 
at  the  end  of  eight  and  a  half  minutes — the  reading  was 
0-0254°  C.  below  the  starting  point.  Three  minutes  after 
the  close  of  the  contractions,  the  fall  had  increased  to 
0-0338°  C,  and  at  the  close  of  the  observations — fourteen 
and  a  half  minutes  from  the  commencement  of  the  experi- 
ment— the  temperature  was  still  below  the  zero  by  0-0254°  0. 


4th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0-004237°C. 
At  the  end  of— 


0  minutes 0° 

1,  2,  3,  4,  5,  6,  7,  8,  9 
minutes  ,, 


0° 


Commenced  contractions. 


Time  from 
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Rise  or  fall  of  temjierature. 


commencement  Deflections  of         Thermometric 

of  contractions.  galvanometer.  values.  Comments. 

At  the  end  of — 

10  minutes —5° — 0-0211°C. 

Stopped  contractions. 
11,  12,  13,  14,  15,  16 

minutes  — „  —      „ 

During  the  first  nine  minutes  of  contractions^  in  the  above 
experiment,  the  temperature  was  unaffected,  but  at  the  end 
of  the  tenth  minute — when  the  contractions  were  stopped — 
a  fall  of  0"0211°  0.  below  the  starting  point  had  taken  place. 
The  temperature  remained  at  this  same  degree  of  depression 
during  six  minutes  of  inactivity  following  the  contractions. 


5th  Experiment, 
1°  deflection  of  galvanometer  is  equal  to  0"004237°C. 

At  the  end  of — 

0  minutes 0° 0°  Commenced  contractions. 

1  , +4° +  0-0169°C. 

2  „      +1° +0-00423°C. 

3  „      — 1° — O'O0423°C. 

4  „      0° 0° 

.   5        „      —2° — 0-0084°C. 

6  , +1° +0-00423°C. 

7  „      —5° — 0-0211°C. 

Stopped  contractions. 

8,  9, 10,  11  minutes...  — „  —     „ 

15  minutes +4° +0-0169°C. 

17        „      — 1° — 000423°C. 

In  this  experiment,  at  the  end  of  one  minute,  the  tem- 
perature rose  0"0169  0.  above  the  starting  point ;  it  declined, 
however,  in  the  succeeding  minutes,  touching  zero  at  the 
end  of  the  fourth  minute,  and  passing  0*0084°  0.  below  this 
point  in  the  fifth  minute.  The  sixth  minute  showed  a 
temporary  recovery  to  0"00423°  C.  above  the  starting  point  ; 
but  during  the  last  (seventh)  minute  of  the  contractions  the 
temperature  fell  to  0"0211°  C.  below  the  zero.  During  the 
subsequent  ten  minutes  of  repose,  the   temperature,  at    one 
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time,  rose  to  0'0169°  0.  above  the  starting  point,  but  at  the 
close  of  the  experiment  it  was  0"004<23°  C.  below  that 
point. 

6th  Experiment. 

1°  deflection  of  galvanometer  is  equal  to  0"004237°C. 
Rise  or  fall  of  temperature. 


Time  from 
commencement 
of  contractions. 


At  the  end  of- 
0  minutes  .. 
2 


Deflections  of 
galvanometer. 


Thermometric 
values. 


3 
5 
6 

7 
8 
9 
9i 
10 


0° 0° 

+  3° +o-oi2rc. 

— 1° — 0-00428°C. 

—2° — 0-0084°C. 

—3° — 0-0127°C. 

0° 0° 

+  2° +0-0084°C. 

— 1° — 0-00423°C. 

—2° — 0-0084°C. 

— 1° — 0-00423°C. 


Comments. 


Commenced  contractions. 


11,  12,  13,  14  minutes -{ 
15  minutes 


—5° — 00211°G 

L  +1° +0-00423°C.J 

3° — 0-0127°C 


Stopped  conliractions. 
}■  Temperature  oscillating. 


We  have  here,  first,  a  rise  of  temperature  of  0-0127°  C.  at 
the  end  of  the  second  minute ;  then  a  fall,  during  three 
minutes,  to  0-0127°  C.  below  the  starting  point;  afterwards 
a  recovery  to  0"0084°  C.  above  the  zero  ;  and  finally  a  second 
fall,  amounting  to  0'0084°  C.  at  the  end  of  nine  and  a  half 
minutes,  and  to  0*00423°  0.  at  the  close  of  the  contractions. 
During  the  first  four  minutes  of  repose  the  temperature 
fluctuated  between  0-0211°  C.  below  and  000423°  C.  above 
the  starting  point.  At  the  close  of  the  experiment — at  the 
end  of  the  fifteenth  minute — the  temperature  was  still 
below  the  zero  by  0-0127°  C. 

7th,  8th,  and  9th  Experiments — each  consisting  of  seven, 
minutes  of  contractions  with  five  minutes  subsequent  repose — 
showed  neither  rise  nor  fall  of  temperature. 

The  nine  experiments  on  the  muscles  under  consideration 
may  be  classed  as  follows  : 


4, 
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Number  of  Per-                  Where  found. 

cases.  centages.                       — 

—  —                    Experiments. 

a.  Cases  offall  of  temperature  without  rise     1     ...  11*1112    ...     4th. 
6.         „      rise  and  fall  together,  the  fall 

being  greater  than  the  rise     3     ...  33-3333    ...     3rd, 5th, and 6th. 

c.  „      temperature    remaining    un- 

changed      3     ...     33-3333    ...     7th, 8th, and 9th 

d.  „      fall  to  lower  general  level   ...     2     ...     22-2222    ...     1st  and  2nd. 

The  average  higliest  rise  was  0'014°  G.,  tlie  extremes 
being  0-0169°  and  0'0084°  C.  The  average  lowest  fall  was 
0-0243°  the  extremes  being  0-0338°  C.  and  00211°  0. 

The  tables  of  Dr.  Amidon  furnish  the  following  values 

for  the  muscles  in  question.*  The  total  number  of  experiments 

was  sixty  three. 

Number  of        Per- 
cases.        centages. 

Rise  of  temperature 31     ...     49*2063     ...     Average  rise,  0-2589°C. 

Fall  „  4     ...       6-3492     ...     Maximum  „    0-6333°C. 

Temperature  unchanged 28     ...     44-4445     ...     Minimum  „    0-1388°C. 

It  remains  now  to  collect  and  to  examine  together  all  the 
results  set  forth  in  the  six  sets  of  experiments,  which  have 
engaged  our  attention.      This  is  done  in  the  following  table : 

*  Op.  cit.,  p.  43.     The  muscles  of  the  mouth  alone  are  taken,  the  values  of  the 
orbicularis  palpebrarum  having  been  given  before. 


s^      o     .« 
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11 
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A  glance  at  tlie  above  table  sbows  tbat  the  results  of  our 
experiments  are  most  decidedly  contradictory  of  the  views 
held  by  Dr.  Amidon.  Of  the  eighty-one  results  only  three, 
or  less  than  four  per  cent.,  can  be  construed  as  affording 
evidence  of  a  rise  of  temperature  due  to  muscular  contraction 
per  se  ;  and  in  two  of  these  cases  (2nd  and  3rd  experiments 
on  biceps,  pp.  26  and  27)  the  rise  was  only  temporary,  the 
temperature  falling  back  to  the  starting  point  in  the  suc- 
ceeding minute.  There  would,  indeed,  seem  to  be  much 
greater  evidence  that  the  muscular  movements  bring  about 
a  fall  of  temperature.  Thus,  if  we  leave  out  the  ten  cases 
of  change  of  thermal  level,  we  may  group  the  rest  of  the 
results  as  follows  : 

Number  of        Per- 
cases.         centages. 

a.  Cases  in  which  there  was  either  an  independent 

rise,  or  in  whicli  the  latter  condition  predominated  ...  4  ...  5'6338 
5.  Cases  in  which  there  was  either  an  independent  fall, 

or  in  wliich  the  latter  condition  predominated 21  ...  29'5774 

c.  Cases  in  which  the  rise  and  fall  were  equal 7  ...  9"8592 

t^.  Cases  in  which  no  cliange  of  temperature  occurred     ...  39  .,,  54i'9296 

Here  we  see  that  the  cases  in  which  a  fall  of  temperature 
is  the  ruling  condition  are  more  than  five  times  as  numerous 
as  those  in  which  a  rise  of  temperature  prevails. 

But  although  there  is  not  sufficient  proof  of  a  rise  of  tem- 
perature in  the  head,  specially  due  to  muscular  contraction 
(leaving  out  the  question  of  exact  localization  of  such  a 
rise),  yet  it  would  seem,  that,  in  a  certain  number  of  cases, 
the  muscular  movements,  in  some  ivay,  cause  a  disturbance  of 
the  temperature  of  the  head,  this  disturbance  showing  itself 
in  elevations  or  depressions,  or  again,  in  irregular  fluctua- 
tions, of  temperature.  In  fact,  the  variations  of  temperature 
noted  in  a  number  of  the  experiments  were  greater  than 
those  ordinarily  met  with  in  the  quiescent  mental  state ;  but 
in  exactly  what  way  these  variations  are  connected  with 
the  muscular  movements  is  not  yet  clear. 
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Note  to  Experiments  on  the  Effect  of  Voluntary 
Muscular  Contractions. 


While  these  investigations  were  in  tlie  press  tlie  writer 
learned,  for  tlie  first  time,  that  both  M.  Paul  Bert  and 
M.  Fran9ois  Franck  had,  in  the  past  spring  and  summer 
(1880),  repeated  Dr.  Amidon^s  experiments,  and  had  failed 
to  confirm  his  results.  The  writer  has  not  seen  the  pub- 
lished accounts  of  MM.  Bert  and  Franck,  and  knows  their 
investigations  only  through  an  indirect  and  general  report. 
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EXPERIMENTS 

ON   THE 

INFLUENCE    OF    THE    TEMPERATURE    OF 
THE    AIR 

ON  THK 

TEMPERATUEE   OF   THE   HEAD. 


The  object  of  the  experiments  contained  in  tlie  following 
tables  was  to  obtain  a  general  idea  of  the  extent  to  which 
the  temperature  of  the  surface  of  the  head  is  affected  by  the 
temperature  of  the  surrounding  air.  The  observations  were 
made  on  two  individuals^  both  the  subjects  of  many  previous 
experiments  of  a  similar  nature,  and  in  whom  the  ordinary 
normal  variations  of  the  temperature  of  the  head  had  been 
proved  to  be  nearly  the  same.  In  the  different  observations 
all  the  essential  experimental  conditions,  except  the  tem- 
perature of  the  air,  were,  as  far  as  possible,  regulated  to 
uniformity.  Both  thermometers  and  thermo-electric  apparatus 
were  employed  in  obtaining  the  temperature  of  the  head, 
which  was  taken  on  the  left  side  in  the  space  behind  the 
external  angular  process  described  in  the  first  article  of  this 
book.*  The  method  of  procedure  was  to  note  the  tempera- 
tures of  the  air,  and  of  the  head,  respectively,  in  five 
successive  observations  at  intervals  of  one  minute  each,  after 
waiting,  in  the  first  instance,  a  sufficient  time  for  equilibrium 
to  be  established  between  the  instrument — thermometer,  or 
thermo-pile — and    the    head.      If,   at    the   end   of    the    five 

*  P.  8. 


minutes,  no  alteration  of  temperature  either  o£  tlie  air  or  of 
the  head  had  occurred,  the  temperature  of  the  air  was  changed 
artificially,  and  a  new  set  of  observations  made.  The 
results  contained  in  the  tables  are,  therefore,  in  sets  of  five 
observations  each,  or  in  some  multiple  of  that  number,  when 
two  or  more  similar  sets  are  added  together  in  one  item. 

Each  of  the  first  four  tables  represents  a  separate  and 
distinct  period  of  investigation  extending  over  two  or  three 
months. 

Table  1. 


Temperatures  of 

Number 

1 

Temperai 

ures  of 

Number 

of  GX" 

r^ 

1 

ox  ex" 

^ 

Air. 

Head. 

periments. 

Air. 

Head. 

periments. 

21-1111°C. 

36-30°C. 

5 

18-3333°C. 

35-75°C. 

5 

,, 

35-90°C. 

,, 

3J 

35-50°C. 

10 

„ 

35-80°C. 

J, 

18-0555°C. 

35-90°C. 

5 

20-8333°C. 

36-40°C. 

)} 

i 

35-85°C. 

j^ 

^j 

36-15°C. 

i} 

,, 

35-80°C. 

jj 

jj 

36-00°C. 

,j 

35-55°C. 

>J 

20-7500°C. 

36-00°C. 

,, 

,, 

35-50°C. 

)^ 

jj 

35-80°C. 

10 

jj 

35-45°C. 

3> 

35-30°C. 

5 

17-5000°C. 

36-00°C. 

10 

20-odoo°c. 

36-20°C. 

?> 

!             J, 

35-65°C. 

5 

„ 

3615°C. 

j> 

5> 

35-30°C, 

„ 

J, 

36-10°C. 

35-00°C. 

jj 

JJ 

36-00°C. 

jj 

17-22'22°C. 

36-00°C. 

10 

J, 

35-95°C. 

,j 

35-60°C. 

5 

)) 

35-90°C. 

„ 

!             ,, 

35-50°C. 

10 

,J 

35-80°C. 

20 

16-6666°C. 

35-80°C. 

5 

19-4444°C. 

35-95°C. 

5 

jj 

35-60°C. 

jj 

J3 

35-80°C. 

,, 

,, 

35-50°C. 

j> 

18-3333°C. 

35-80°C. 

10 

Table  2. 


17-2222°C. 
16-6666°C. 


1G-1111°C. 

15-o555°C. 
15-0000°C. 


35-40°C. 
35-35°C. 

34-90°C. 
34-85°C. 
35-50°C. 
35-40°C. 
35-00°C. 
34-80°C. 
35-50°C. 
35-20°C. 
35-40°C. 


10 
5 

10 
5 

15 
5 


10 


15-0000°C. 
14-5000°C. 

14-4444°C. 

13-8888°C. 


35-15°C. 
35-20°C. 
35-15°C. 
35-35°C. 
35-30°C. 
35-90°C. 
35-40°C. 
35-35°C. 
35-30°C. 
35-25°C. 
35'20°C. 


5 
10 

5 
10 

5 

10 


5 

10 


Temperatures  of 

! 

Number 

of  e.\- 

periments. 

Tempera 

.ures  of 

Number 

of  GX- 

r~ 

Air. 

Head. 

Air. 

1       IKiul. 

periincnts 

13-888S°C. 

35-00°C. 

20 

11-7222°C. 

34-70°C. 

5 

J, 

34-90°C. 

5 

,j 

34-20°C. 

„ 

13-3333°C. 

35-35°C. 

J, 

11-6666°C. 

3o-65°C. 

„ 

jj 

35-20°C. 

10 

j^ 

35-40°C. 

„ 

J, 

34-90°C. 

jj 

?J 

35-20''C. 

10 

)j 

34-60°C. 

5 

34-25°C. 

5 

34-40°C. 

J, 

ii-iiii°c. 

35-35'C. 

j> 

12-7777°C. 

35-70°C. 

10 

jj 

34-35°C. 

12-2255°C. 

34'50°C. 

5 

» 

34-25°C. 

3> 

12-2222°C. 

3505°C. 
34-50°C. 

" 

>j 

33-90°C. 
33-80°C. 

5} 

11-7222°C. 

35-10°C. 

jj 

10'5555°C. 

34-30°C. 

» 

35-00°C. 

» 

Table  3. 

14-1666°C. 

35-55°C. 

5 

8-8888°C. 

35-20°C. 

10 

13-3333°C. 

35-90°C. 

jj 

,, 

35-10°C. 

„ 

jj 

35-75°C. 

jj 

jj 

35-05"'C. 

5 

jj 

35-60°C. 

jj 

J, 

34-90°C. 

„ 

jj 

35-15°C. 

J, 

34-80°C. 

15 

12-7777°C. 

35-00°C. 

^, 

J, 

34-75°C. 

5 

12-4444°C. 

35-50°C. 

J, 

jj 

34-60°C. 

10 

12-2222°C. 

35-90°C. 

^j 

jj 

34-55°C. 

5 

J, 

3o-70°C. 

jj 

jj 

34-30°C. 

„ 

11-9444°C. 

3o-80T. 

„ 

J, 

34-25°C. 

^j 

11-6666°C. 

35-60°C. 

10 

jj 

34-20°C. 

10 

11-1H1°C. 

35-75°C. 
35-45°C. 

5 

» 

34-15^C. 
33-95°C. 

5 

55 

35-40°C. 

jj 

J, 

33-65°C. 

„ 

lo-oooo^c. 

35-40°C. 

,, 

jj 

33-10°C. 

„ 

" 

35-20°C. 
3500°C. 

8-3333°C. 

34-90°C. 
34-60°C. 

jj 

34'65°C. 

,j 

34-30'C. 

10 

^^ 

34-20°C. 

,, 

34-lOX'. 

5 

9-4444°C. 

35-50"C. 

jj 

33-45°C. 

10 

3o-25°C. 

7-7777°C. 

34-55''C. 

,j 

5) 

35-20°C. 

J, 

34-40°C. 

5 

" 

35-10°C 

,, 

34-20''C. 

10 

34-40°C. 

5> 

34-05°C. 

,, 

8-88'88°C. 

35-50°C. 

„ 

Table  4. 

Temperatures  of 

A 

Number 
of  ex- 

Temperatures  of 

Number 
of  ex- 

Air. 

Head.        ] 

Deriments. 

Air. 

Hecad. 

periments. 

14-1666"C. 

35-55°C. 

10 

6-llll°C. 

33-90°C. 

10 

13-3333°C. 

35-90°C. 

5 

,, 

33-30°C. 

5 

85-75°C. 

jj 

5-5555°C. 

34-30°C. 

10 

35-60°C. 

„ 

33-90°C. 

5 

35-15°C. 

»> 

j> 

33'80°C. 

j> 

12-4444°C. 

3610°C. 

» 

„ 

33-70°C. 

„ 

35-80°C. 

5-0000°C. 

34-00°C. 

j> 

12-2222°C. 

35-90°C. 

10 

,, 

o3-90°C. 

10 

11-1111°C. 

35-75°C. 

)> 

» 

32-80°C. 

5 

35-45°C. 

5 

„ 

32-55°C. 

>y 

35-40°C. 

J, 

4-5000°C. 

34-20°C. 

» 

io-o6bo°c. 

35-40°C. 

jj 

'J 

34-10°C. 

!) 

35-20°C. 

jj 

„ 

33-95°C. 

10 

35-00°C. 

„ 

>) 

33-85°C. 

5 

34-65°C. 

10 

>) 

33-75°C. 

„ 

9-4444°C. 

35-50°C. 

,, 

» 

32'60^C. 

„ 

34-70°C. 

^, 

4-0000°C. 

34-30^C. 

}> 

j» 

34-40°C. 

,j 

» 

34-00°C. 

„ 

34-30°C. 

15 

>) 

33-95°C. 

» 

8-8888°C. 

35-80°C. 

10 

„ 

32-55°C. 

„ 

35-20°C. 

35555°C. 

33-95°C. 

10 

35-05°C. 

5 

5) 

33-80°C. 

5 

34-90°C. 

10 

„ 

33-55°C. 

„ 

33-95°C. 

5 

IJ 

32-55°C. 

„ 

33-53°C. 

J, 

„ 

32  oO°C. 

„ 

33-10°C. 

j^ 

2  5555°C. 

34-00''C. 

„ 

8-3333°C. 

34-90°C. 

»3 

„ 

33-85°C. 

10 

34-60°C. 

15 

33-70°C. 

5 

5) 

34-30°C. 
34-10°C. 

5 

'5 

33-50°C. 
32'90°C. 

" 

7-777V°C. 

34-55°C. 

10 

,, 

32-50°C. 

„ 

34-40°C. 

jj 

2-0000°C. 

33-95°C. 

„ 

34-20"C. 

)9 

,j 

33-80°C. 

10 

34-05°C. 

19 

;                   „ 

3250'C. 

5 

6-lill°C. 

93 

34-40°C, 
34-00°C, 

10 
5 

" 

32-45T. 

jj 
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Commencing  with  the  division  ''  a  "  of  the  analysis,  we 
find  that,  in  each  table,  the  highest  temperature  of  the  air  is 
associated  with  a  higher  temperature  of  the  head — average, 
maximum,  and  minimum  temperatures  all  included — than 
the  lowest  temperature  of  the  air.  Thus  in  Table  1,  the 
temperature  of  the  head  for  the  highest  temperature  of 
the  air  is,  on  an  average,  0-3667°  C.  above  the  corre- 
sponding value,  associated  with  the  lowest  temperature 
of  the  air.  The  degrees  of  superiority  of  the  temperature 
of  the  head  at  the  higher  of  the  two  temperatures  of  the 
air,  in  each  table,  are  as  follows  : 


Degrees  of  superiority  " 
of  temperature  of  the 
head  at  the  higher 
of  the  two  tempera- 
tures of  the  air  given 
in  the  analysis. 


Table  1.      Table  2.      Table  3.      Table  4. 

Maximum— 0-5000°C...1-1000°C,..1-0000°C...1-6000°C. 

Average— 0-3667''C...       „        ...1-2643°C...2-2500°C. 

Minimum— 0-3000°C ...       „       ...  1-5000°C . . .  3'1000°C. 


Moreover,  if  the  tables  are  compared  with  each  other, 
there  appears,  at  first  sight,  to  be  a  certain  rough  relation 
between  the  degree  of  difference  of  the  two  atmospheric 
temperatures  and  the  degree  of  difference  of  the  correspond- 
ing two  temperatures  of  the  head ;  thus  in  Table  1,  for  a 
difference  of  4*4445°  C.  in  the  air,  we  have  an  average 
difference  in  the  head  of  0'3667°  C. ;  while  in  Table  2,  for 
a  difference  in  the  air  of  6.6667°  C,  there  is  an  average 
difference  in  the  head  of  1"1°  C. ;  and  in  Table  4,  the 
difference  in  the  air  being  now  12*1666°  C,  we  have  a 
difference  in  the  head  of  2*25°  0. 

In  proof,  however,  that  the  above  relation  is  by  no  means 
a  close  one,  if  we  take  the  difference  between  the  two  tem- 
peratures of  the  air,  and  the  difference  between  the  two 
average  temperatures  of  the  head,  in  Table  1,  each  as  equal 
to  1,  we  have  the  following  proportional  values  for  the  cor- 
responding differences  in  the  other  tables. 

Table  1.        Table  2.        Table  3.        Table  4. 

Proportional  differences  in  tempe- 
ratures of  air 1-000°C I'SO'C r437°C 2-737°C. 

Proportional  differences  in  tempe- 
ratures of  head  1-000°C 3000°C 3-447°C 6-108°C. 


Thus  in  Table  2,  for  a  difference  between  the  two 
atmospheric  temperatures  1*5  times  greater  than  the  similar 
difference  in  Table  1,  we  have  a  difference  between  the  two 
average  temperatures  of  the  head  three  times,  greater  than 
the  corresponding  difference  in  Table  1 ;  while  in  Table  4, 
for  an  atmospheric  difference  2*737  times  greater  than  that  of 
Table  1,  we  find  a  difference  of  average  temperature  in  the 
head  6'108  times  greater  than  the  corresponding  difference 
in  Table  1.  The  rate  of  change  of  average  temperature  in 
the  head  for  each  degree  Centigrade  of  difference  of  tem- 
perature in  the  air^  between  the  highest  and  lowest  thermal 
levels  of  the  latter,  in  each  table,  is  as  follows  : 

Rate  of  change  in  average  tempe- 
rature of  head  for  each  degree         Table  1.      Table  2,      Table  3.      Table  4. 
Centigrade  of  change  in  tempe- 
rature of  air     0-0825°C....0-165°C....01978°C....0185'C- 

Comparing,  still  further,  with  each  other,  the  results  of 
the  analysis  of  the  different  tables  in  division  "a,"  we  see 
that  although  the  highest  and  lowest  temperatures  of  the 
head  there  given  (average,  maximum,  and  minimum  all 
included)  are  associated  respectively  with  the  highest  and 
lowest  atmospheric  temperatures,  yet  beyond  this  accordance 
discrepancies  exist.  Thus  Table  2  with  a  temperature  of 
the  air  of  17*2222°  C.  shows  a  temperature  of  the  head  of 
35*40°  C.  j  while  in  Table  1,  with  a  temperature  of  the  air 
of  16'66Q6°  C,  we  have  an  average  temperature  of  the  head 
of  35*6333°  C,  with  a  maximum  of  35*8°  C,  and  a  minimum 
of  35*5°  C.  Again,  Tables  3  and  4,  with  a  temperature  of 
the  air  of  14*1666°  C.  give  a  temperature  of  the  head  of  35*55° 
C,  Table  2 — as  we  have  just  seen — giving  a  temperature  of 
the  head  of  35*40  for  an  atmospheric  temperature  of 
17*2222°  0.  The  question  with  which  we  are  dealing  is  still 
further  elucidated  by  the  results  of  division  "  b "  of  the 
analysis.  We  find  here  that  the  lowest  individual  tempera- 
ture of  the  head  is  associated  with  the  lowest  individual 
temperature  of  the  air,  but  that  the  highest  individual  tem- 
perature of  the  head  occurs  not  with  the  highest,  but  with 
the  second  highest  individual  temperature  of  the  air,  namely. 
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20-8383°  0.  In  like  manner,  in  Tables  2  and  3,  in^wticli 
the  highest  temperature  of  the  head  noted  is  35 '90°  C,  this 
value  coexists,  in  the  first  instance,  with  a  temperature  of 
the  air  of  13*8888°  C,  and  in  the  second  instance  with  a 
temperature  of  the  air  averaging  12*7777°  0. — the  maximum 
and  minimum  being,  respectively,  13"3333°  C,  and  12*2222° 
C. — while  the  highest  temperatures  of  the  air  noted  in  these 
two  tables  are,  as  we  have  seen,  17*2222°  C,  and  14*1666°  0., 
respectively.  Also  Table  4,  in  which  the  highest  tempera- 
ture of  the  air  is  14*1666°  C,  shows  the  highest  temperature 
of  the  head  coexisting  with  a  temperature  of  the  air  of 
12*4444°  0.  In  Table  1,  the  lowest  temperature  of  the  head 
is  found  with  an  atmospheric  temperature  of  17*5°  C,  the 
lowest  temperature  of  the  air  being  16'6666i°  C.  Again,  in 
Tables  2  and  3,  the  lowest  temperatures  of  the  head  are 
associated  with  temperatures  of  the  air  of  11*1111°  C,  and 
8*8888°  C,  respectively,  while  the  lowest  temperatures  of 
the  air  in  these  tables  are,  respectively,  10*5655°  0.,  and 
7*7777°  C. 

Table  5  gives  the  average,  maximum,  and  minimum  tem- 
peratures of  the  head,  associated  with  each  of  the  thirty-nine 
temperatures  of  the  air,  at  which  observations  have  been 
made —  all  four  of  the  preceding  tables  being  included  in  the 
estimates.  The  fifth  column  of  the  table  gives  the  propor- 
tional values  of  the  averages  of  the  temperatures  of  the  head, 
taking  the  lowest  average,  33*3°  C.  as  equal  to  1000. 
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Tables  5. 


Temperatures 
of  air. 

Temperatures  of  head. 

Proportional 

values  of  average 

temperatures 

of  head. 

1 
Average. 

Maximum. 

Minimum. 

21-1111°C. 

se-oooo'^c. 

36'3000°C. 

35-8000°C, 

1081-0 

20-8333°C. 

361833°C. 

36-4000°C. 

36-0000°C, 

1086-6 

20-7500°C. 

35-7250°C. 

36-0000°C. 

35-3000°C. 

1072-8 

20-0000°C. 

35-9500°C. 

36-2000°C. 

35-8000°C. 

1079-6 

19-4444°C. 

35-8750°C. 

35-9500°C. 

35-8000°C. 

1077-3 

18-3333°C. 

35-6700°C. 

35-8000°C. 

35-5000°C. 

1071-1 

18-0555°C. 

35-6750°C. 

35-9000°C. 

35-4500°C. 

1071-3 

17-5000°C. 

35-5900°C. 

36-0000°C. 

35-0000°C. 

1068-7 

17-2222''C. 

35-6286°C. 

36-0000°C. 

35-4000°C. 

1069-9 

16-6666°C. 

35-2714°C. 

35-8000'C. 

34-8500°C. 

1059-2 

161111°C. 

35-2500°C. 

35-5000°C. 

34-8000°C. 

1058-5 

15-5555°C. 

35-3000°C. 

35-5000°C. 

35-2000°C. 

1060-0 

15-0000°C. 

35-3166°C. 

35-4000°C. 

35-1500°C. 

1060-5 

14-5000°C. 

35-1833°C. 

35-2000°C. 

35-1500°C. 

1056-6 

14-4444°C. 

35-3250°C. 

35'3500°C. 

35-3000°C. 

1060-8 

14-1666°C. 

35-5500°C. 

35-5500°C. 

35-5500°C. 

1067-6 

1B-8888°C. 

35  2333°C. 

35-9000°C. 

34-9000°C. 

1058-0 

13-3333°C. 

35-3393°C. 

35-9000°C. 

34-4000°C. 

1061-2 

12-7777°C. 

35-4666°C. 

35-7000°C. 

35'0000°C. 

1065-0 

12'4444°C. 

35-7666°C. 

36'1000°C. 

35-4000°C. 

1073-8 

12-2222°C. 

35-3644°C. 

35-9000°C. 

34-5000°C. 

1061-9 

11-9444°C. 

35-8000°C. 

35-8000=G. 

35-8000°C. 

1075-0 

11-7222°C. 

34-7500°C. 

35-1000°C. 

34-2000°C. 

1043-5 

11'6666°C. 

35-2714°C. 

35-6500°C. 

34-2500°C, 

1059-2 

11-1111°C. 

35-H36°C. 

35-7500°C. 

33-8000°C. 

1054-4 

10-5555°C. 

34-3000°C. 

34-3000°C. 

34-3000°C. 

1030-0 

10-0000°C. 

34-9350°C. 

34-4000°C. 

34-2000°C. 

1049-0 

9-4444°C. 

34-8136°C, 

35-5000°C. 

34-3000°C. 

1045-4 

8-8888°C. 

34-6304°C. 

35-8000°C. 

33-1000°C. 

1039-9 

8-3338°C. 

34-3230°C. 

34-9000°C. 

33-4500°C. 

1030-7 

7-7777°C. 

34-2933°C. 

34-5500°C. 

34-0500°C. 

1029-8 

6-llll°C. 

33-9833°C. 

34-4000°C. 

33-3000°C. 

1020-5 

5-5555°C. 

34-0000°C. 

34-3000°C. 

33-7000°C. 

1021-0 

5-0000°C. 

33-4300°C. 

34-0000°C. 

32-5500«C. 

1004-0 

4-5000°C. 

33-77l4°C. 

34-2000''C. 

32-6000°C. 

1014-3 

4'0000°C. 

33-7000°C. 

34'3000°C. 

32-5500°C. 

1012-0 

3-5555°C. 

33-3833°C. 

33-9500°C. 

32'5000°C. 

1002-5 

2-5555°C. 

33-4714°C. 

34-0000°C. 

32'5000°C. 

1005-1 

2-0000°C. 

33-3000"C. 

33-9500°C. 

32-4500°C. 

1000-0 
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It  will  be  seen  from  these  proportional  values^  that 
although  there  is  a  general  tendency  in  the  head  towards  a 
higher  average  temperature  as  we  go  up  the  scale  of  atmo- 
spheric temperature,  yet  there  are  many  and  marked  breaks 
and  retrogressions  in  this  upward  movement.  For  example,  at 
a  temperature  of  the  air  of  11"9444°  C,  the  average  tempera- 
ture of  the  head  is  found  to  be  35*8°  C. ;  but  this  temperature 
is  reduced  in  the  next  higher  observation  in  the  scale  of 
atmospheric  temperatures — then  partly  regained,  but  again 
reduced — and  finally,  after  fluctuating  up  and  down — without, 
however,  rising  so  high  as  35'8°  C. — passes  above  its  first 
point  only  at  a  temperature  of  the  air  of  19 "4444°  0.  Again, 
the  temperature  of  the  head — average,  maximum,  and  mini- 
mum all  included — is  higher  with  the  temperature  of  the 
air  at  12*4444°  C.  than  with  this  latter  temperature  at 
20-75°  C. 

Table  6,  which  includes  all  the  observations  of  the  first 
four  tables — and  in  which  the  different  individual  tempera- 
tures of  the  head  are  arranged  in  a  regular  sequence  from 
the  highest  to  the  lowest,  each  accompanied  by  the  particular 
temperature  or  temperatures  of  the  air  with  which  it  is  found — 
shows  plainly  the  many  exceptions  to  an  exact  relation 
between  the  degree  of  temperature  of  the  head  and  that  of 
the  air.  Thus  a  temperature  of  the  head  of  35'5°  C.  is  found 
with  temperatures  of  the  air  varying  from  8'8888°  C.  to 
18-8888°  0. ;  and  a  temperature  of  the  head  of  35-30°  0.  is 
found  with  an  atmospheric  temperature  ranging  from 
13-8888°  C.  to  20-75°  C. 

If  we  take  the  avertsge  of  all  the  temperatures  of  the  air 
found  with  temperatures  of  the  head  at  and  above  35°  C, 
and  the  average  of  all  the  temperatures  of  the  air  found  with 
temperatures  of  the  head  below  35°  C,  we  obtain  the  fol- 
lowing values  : 
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Table  6. 


Temperatures  of 

Number 

Temperatures  of 

Number 

/ 

of  experi- 
ments. 

TqVilp<? 

,.A 

of  experi- 
ments. 

Tables. 

Head. 

Air. 

XUiUlVOi 

Head, 

Air. 

36-40°C. 

20-8333°C. 

5 

1 

35-55°C. 

14-1666°C. 

5 

3 

36-30°C. 

21-1111°C. 

» 

>» 

„ 

» 

10 

4 

36-20°C. 

20-0000°C. 

i) 

)J 

35-50°C. 

18-3333°C. 

JJ 

1 

3615°C. 

20-8333°C. 

JI 

1) 

18-0555°C. 

5 

JJ 

5J 

20-0000°C. 

i> 

» 

jj 

17-2222°C. 

10 

J, 

36-10°C. 

» 

>j 

)J 

j> 

16-6666°C. 

5 

J, 

)9 

12-4444°C. 

j» 

4 

„ 

16-iiirc. 

3> 

2 

36-00°C. 

20-8333°C. 

)) 

1 

j> 

15-5555°C. 

)» 

jj 

20-7500°C. 

,, 

» 

12-4444°C. 

JJ 

3 

jj 

20-0000°C. 

,, 

„ 

>> 

9-4444°C 

JJ 

JJ 

jj 

17-5000°C. 

10 

J> 

,j 

JJ 

4 

J, 

17-2222°C. 

)> 

„ 

„ 

8-8888°C. 

J, 

3 

35-95°C. 

20-0000°C. 

5 

35-45°C. 

1S-0555°C. 

3) 

1 

jj 

19-4444°C. 

„ 

3> 

)> 

ll-llll°C. 

3 

35'90°C. 

21-1111°C. 

jj 

»> 

„ 

JJ 

»» 

4 

J, 

20-0000°C. 

„ 

3> 

35-40°C. 

17-2222°C. 

10 

2 

jj 

18-0555°C. 

jj 

,, 

J, 

16-1111°C. 

15 

9f 

j^ 

13-8888°C. 

,j 

2 

ij 

15-0000°C. 

10 
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Average  temperature  of  the  air  found  Average  temperature  of  the  air  found 

with  temperatures  of  the  head  with  temperatures  of  the  head 

at  and  ahove  35°C.  below  35°C. 

11-4704°0.  7-5390°C. 

Here  the  average  temperature  of  tlie  air  accompanying  the 
set  of  higher  temperatures  of  the  head  is  above  the  cor- 
responding value  found  with  the  set  of  lower  temperatures 
of  the  head  by  3-9310°  C. 

If  we  take  the  average  of  all  the  temperatures  of  the 
head  found  with  temperatures  of  the  air  at  and  above 
11*6666°  C,  and  the  average  of  all  the  temperatures  of  the 
head  found  with  temperature  of  the  air  below  11"6666°  C,  we 
have  the  following  results  : 

Average  temperature  of  the  head  found       Average  temperature  of  the  head  found 
with  temperatures  of  the  air  with  temperatures  of  the  air 

at  and  above  11-6666°C.  below  11-6666°C. 

35-4647°C.  34-3]  17°C. 

The  average  temperature  of  the  head  is^  therefore^  a  little 
higher  between  11-6666°  C.  and  21-1111°  C.  (highest  tem- 
perature noted)  than  between  11*6666°  0.  and  2°  C.  (lowest 
temperature  noted). 

If   we  take  the  average  temperature  of  the  air^  and  the 

average  temperature  of  the  head  in  each  table  we  have  the 

following  values  : 

Average  temperatures  Average  temperatures 

of  air.  of  head. 

Table  1  18-9420°C 357945°C. 

„    2  13-6708°C 350776°C. 

„     3  9-6938°C 34-8098°C, 

„    4  7-0147°C 34-1939°C. 

From  the  above  values  there  appears  to  be  a  general 
relation  between  the  average  temperatures  of  the  air  and  of 
the  head  in  the  several  tables  compared  with  each  other  : 
thus  as  the  average  temperature  of  the  air  falls^  in  the  list^ 
the  average  temperature  of  the  head  likewise  declines ;  but 
the  fall  in  the  head  is  but  slight  compared  with  that  occur- 
ring in  the  air_,  the  maximum  of  the  former  being  only  1"6 
C,  while  the  latter^  at  its  greatest^  is  11-9°  C. 
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Undoubtedly  tlie  seasons  at  which  the  different  experim'dnts 
were  made  have  an  effect  on  our  results  apart  from  the 
simple  absolute  temperatures  concerned.  There  is  no  doubt 
that  the  vaso-motor  system  of  nerves  plays  an  important 
part  in  the  alterations  of  the  peripheric  temperature  gene- 
rally ;  and  it  would  further  appear  that  the  steady  elevation 
or  depression  of  the  atmospheric  thermal  mean  accompanying 
the  change  of  the  seasons^  acts  more  constantly  and  per- 
sistently on  these  nerves  than  transient  and  irregular  varia- 
tions of  the  temperature  of  the  air.  In  a  recent  article  on 
the  peripheric  temperature,  M.  Louis  Oouty  has  given 
evidence  that  the  temperature  of  the  palm  of  the  hand  is 
affected  in  a  manner  according  with  the  above  view.*  Now 
the  experiments  of  Table  1  were  made  in  August  and  Sep- 
tember ;  those  of  table  2  in  March  and  April ;  and  those  of 
Table  3  and  4  in  December,  January,  and  February.  Un- 
fortunately the  tables  for  the  winter  months  do  not  range 
sufficiently  high,  and  those  for  the  spring  and  summer 
months  do  not  range  sufficiently  low,  to  admit  of  a  com- 
parison of  the  effect  of  the  same  temperature  of  the  air,  at 
different  seasons,  on  the  temperature  of  the  head.  To  make 
this  comparison,  the  ranges  of  the  atmospheric  temperatures 
in  the  tables  would  have  to  be  extended  both  upwards  and 
downwards  by  artificial  means. 

*  "Recherches  sur  la  temperature  peripherique,  &c.,"  'Archives  de  Pbysio- 
logie  norinale  et  pathologique,'  Jan,  and  Feb.,  1880,  p.  94. 
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PATHOLOGY   OF  THE  BREAST  AND   LYMPHATIC  GLANDS. 
New  Edition  with  additional  chapter,  with  wood-cuts  and  plate,  Svo,  gs. 

III. 

BOVINE  TUBERCULOSIS  IN  MAN :  An  Account  of  the 
Pathology  of  Suspected  Cases.  With  Chromo-lithographs  and  other 
Illustrations,  Svo,  8s.  6d. 


EDGAR  M.  CROOKSHANK,  m.b.  lond.,  f.r.m.s. 
Demonstrator  of  Physiology,  King's  College,  London. 

I. 

MANUAL  OP  BACTERIOLOGY :   being  an  Introduction 

to  Practical  Bacteriology.  Illustrated  with  Coloured  Plates  from  original 
drawings,  and  numerous  Coloured  Illustrations  embodied  in  the  text. 
Second  Edition  revised  and  enlarged,  Svo,  21s.  INow  ready. 

II. 

PHOTOGRAPHY  OP  BACTERIA.     Illustrated  with  86  Photo- 
graphs reproduced  in  autotype,  and  wood  engravings,  royal  Svo,  12s.  6d. 

[No'W  ready. 


HENRY    DAVIS,    m.r.c.s.    eng. 

Teacher  and  Administrator  of  Ancesthetics  to  St.  Mary's  and  the  National  Dental  Hospitals 

GUIDE  TO  THE  ADMINISTRATION  OP  AN-ffilSTHE- 

TICS.     Fcap.  Svo,  2s.  \_Now  Ready. 
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A.   DE   WATTEVILLE,   m.a.,  m.d.,  b.sc,  m.r.c.s. 

Physician  in  Charge  of  the  Electro-therapeutical  Department  at  St.  Mary's  Hospital. 

A       PRACTICAL      IlSTTIlODUCTIOIir      TO      MEDICAL 

ELECTRICITY.      Second  Edition,  re-written  and  enlarged,  copiously 
Illustrated,  8vo,  gs. 


J.    THOMPSON    DICKSON,  m.a.,  m.b.  cantab. 

Late  Lecturer  on  Mental  Diseases  at  Giiy's  Hospital. 

THE    SCIENCE   AND   PRACTICE    OP   MEDICINE  IN 

RELATION  TO  MIND,  the  Pathology  of  the  Nerve  Centres,  and  the 
Jurisprudence  of  Insanity,  being  a  course  of  Lectures  delivered  at  Guy's 
Hospital.  Illustrated  by  Chromo-lithographic  Drawings  and  Physiolo- 
gical Portraits.     8vo,  14s. 


HORACE    DOBELL,  m.d. 
Consulting  Physician  to  the  Royal  Hospital  for  Diseases  of  the  Chest,  &c. 

I. 

ON     DIET     AND     REGIMEN     IN     SICKNESS     AND 

Health  and  on  the  Interdependence  and  Prevention  of  Diseases  and  the 
Diminution  of  their  Fatality.     Seventh  Edition,  8vo,  los.  6d. 

II. 
AFFECTIONS  OF  THE  HEART  AND  IN  ITS  NEIGH- 
BOURHOOD.    Cases,  Aphorisms,  and  Commentaries.      Illustrated  by 
the  heliotype  process.     Svo,  6s  6d. 


JOHN    EAGLE. 

Member  of  the  Pharmaceutical  Society, 

A  NOTE-BOOK   OF  SOLUBILITIES.    Arranged  chiefly 

for  the  use  of  Prescribers  and  Dispensers.     i2mo,  2S.  6d. 


JOHN   ERIC   ERICHSEN. 

Ex-President  of  the  Royal  College  of  Surgeons  ;   Surgeon  Extraordinary  to 
H.M.  the  Queen,  etc. 

MODERN  SURGERY ;  its  Progress  and  Tendencies.  Be- 
ing the  Introductory  Address  delivered  at  University  College  at  the 
opening  of  the  Session  1873-74.     Demy  Svo,  is. 


DR.     FERBER. 


MODEL     DIAGRAM     OP     THE     ORGANS     IN     THE 

THORAX   AND    UPPER    PART    OF    THE    ABDOMEN.       With 
Letter-press  Description.     In  4to,  coloured,  ss. 


J.   MAGEE    FINNY,  m.d.  duel. 

King's  Professor  of  Practice  of  Medicine  in  School  of  Physic,  Ireland;   Clinical  Physician 

to  St.  Patrick  Dun's  Hospital. 

NOTES   ON   THE  PHYSICAL  DIAGNOSIS  OF   LUNG 

DISEASES.     32mo,is.  6d.  {Nowready. 
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AUSTIN    FLINT,   jr.,  m.d. 

Professor  of  Physiology  and  Physiological  Anatomy  in  the  Bellevue  Medical  College,  New 
York ;  attending  Physician  to  the  Bellevue  Hospital,  &c. 

I. 

A  TEXT-BOOK  OF  HUMAig-  PHYSIOLOGY;  De- 
signed for  the  Use  of  Practitioners  and  Students  of  Medicine.  New 
edition,  Illustrated  by  plates,  and  313  wood  engravings,  large  8vo,  28s. 

II. 
THE    PHYSIOLOGY  OP  THE    SPECIAL  SENSES  AND 

GENERATION  ;   (Being  Vol.  V.  of  the  Physiology  of  Man).    Roy.  Svo, 


J.   MILNER   FOTHERGILL,   m.d. 

Member  of  the  Royal  College  of  Physicians  of  London;  Physician  to  the  City  of  London 

Hospital  for  Diseases  of  the  Chest,  Victoria  Park,  &c. 

I. 
A  MANUAL  OP  DIETETICS  :  Large  Svo,  los.  6d.     [Now  ready. 

11. 
THE     HEART    AND     ITS    DISEASES,    WITH     THEIR 

TREATMENT;  INCLUDING  THE  GOUTY  HEART.  Second 
Edition,  entirely  re-written,  copiously  illustrated  with  woodcuts  and 
lithographic  plates.     Svo.  i6s. 

III. 
INDIGESTION,    BILIOUSNESS,    AND    GOUT   IN    ITS 
PROTEAN   ASPECTS. 

Part  I.— INDIGESTION  AND  BILIOUSNESS.      Second  Edition,  post 
Svo,  7s.  6d.  lyust  ready. 

Part  II.— GOUT  IN  ITS  PROTEAN  ASPECTS.    Post  Svo,  7s.  6d. 

IV. 

HEART  STARVATION.    (Reprinted  from  the  Edinburgh 

Medical  Journal),  Svo,  is. 


ERNEST   FRANCIS,  f.c.s. 

Demonstrator  of  Practical  Chemistry,  Charing  Cross  Hospital. 

PRACTICAL  EXAMPLES    IN    QUANTITATIVE  ANA- 

lysis,  forming  a  Concise  Guide  to  the  Analysis  of  Water,  &c.      Illus- 
trated, fcap.  Svo,  2s.  6d. 


ALFRED   W.  GERRARD,  f.c.s. 

Pharmaceutical  Chemist ;  Examiner  to  the  Pharmaceutical  Society  ;    Teacher  of  Pharmacy 
and  Demonstrator  of  Materia  Medica  to  University  College  Hospital. 

ELEMENTS    OP    MATERIA     MEDICA     AND     PHAR- 
MACY.    Crown  Svo,  Ss.  6d.  [^ust  published. 


HENEAGE    GIBBES,   m.d. 

Lecturer  on  Physiology  and  on  Normal  and  Morbid  Histology  in  the  Medical  School  of 
Westminster  Hospital ;  etc. 

PRACTICAL    HISTOLOGY    AND    PATHOLOGY.     Third 
Edition,  revised  and  enlarged,  crown  Svo,  6s. 
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C.  A.   GORDON,  M.D.,  c.B. 

Deputy  Inspector  General  of  Hospitals,  Army  Medical  Department. 

REMARKS      ON     ARMY     SURGEONS     AND     THEIR 

WORKS.     Demy  8vo,  5s. 


JOHN   GORHAM,  m.r.c.s. 
TOOTH    EXTRACTION" :  a  Manual  on  the  proper  mode 

of  extracting  Teeth.     Second  Edition,  fcap.  8vo,  is.  {_Now  ready. 


W.    R.   GOVv^ERS,    M.D.,  F.R.C.P.,  m.r.c.s. 

Physician  to  University  College  Hospital,  &c. 

DIAGRAMS  FOR  THE  RECORD  OP  PHYSICAL  SIGNS. 

In  books  of  12  sets  of  figures,  is.     Ditto,  unbound,  is. 


J.   B.   GRESSWELL,  m.r.c.v.s. 

Provincial  Veterinary  Surgeon  to  the  Royal  Agricultural  Society. 

VETERINARY   PHARMACOLOGY  AND   THERAPEU- 
TICS.    With  an  Index  of  Diseases  and  Remedies.     Fcap.  8vo,  5s. 


SAMUEL     D.     GROSS,  m.d.,  ll.d.,  d.c.l.  oxon. 

Professor  of  Surgery  in  the  Jefferson  Medical  College  of  Philadelphia. 

A   PRACTICAL   TREATISE   ON   THE    DISEASES,    IN- 

JURIES,  AND  MALFORMATIONS  OF  THE  URINARY 
BLADDER,  THE  PROSTATE  GLAND,  AND  THE  URETHRA. 
Third  Edition,  revised  and  edited  by  S.  W.  GROSS,  A.M.,  M.D., 
Surgeon  to  the  Philadelphia  Hospital.  Illustrated  by  170  engravings, 
8vo,  iSs. 

SAMUEL    W.    GROSS,  a.m.,  m.d. 

Surgeon  to,  and  Lecturer  on  Clinical  Surgery  in,  the  Jefferson  Medical  College  Hospital, 

and  the  Philadelphia  Hospital,  &c. 

A   PRACTICAL    TREATISE    ON    TUMOURS    OP    THE 

MAMMARY   GLAND  :    embracing  their  Histology,  Pathology,  Dia- 
gnosis, and  Treatment.     With  Illustrations,  8vo,  los.  6d. 


WILLIAM  A.   HAMMOND,   m.d. 

Professor  of  Mental  and  Nervous  Diseases  in  the  Medical  Department  of  the  University  of 
the  City  of  New  York,  &c. 

I. 

A  TREATISE  ON  THE  DISEASES  OP  THE  NERVOUS 

SYSTEM.     Seventh  edition,  with  112  Illustrations,  large  8vo,  25s. 

II. 
A  TREATISE  ON  INSANITY.      Large  8vo,  25s. 

III. 

SPIRITUALISM  AND  ALLIED  CAUSES  AND  CON- 
DITIONS OF  NERVOUS  DERANGEMENT.  With  Illustrations, 
post  8vo.  8s.  6d. 
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ALEXANDER     HARVEY,  m.a.,  m.d. 

Emeritus  Professor  of  Materia  Medica  in  the  University  of  Aberdeen;  Consulting  Physician 

to  the  A  berdeen  Royal  Infirmary,  &c. 

I. 

FIRST    LINES    OP  THERAPEUTICS ;     as  based  on  the 

Modes  and  the  Processes  of  Healing,  as  occurring  Spontaneously  in  Dis- 
ease ;  and  on  the  Modes  and  the  Processes  of  Dying,  as  resulting 
Naturally  from  Disease.     In  a  series  of  Lectures.     Post  8vo,  5s. 

II. 

ON  THE  PGETUS  IN  UTERO  AS  INOCULATING  THE 

MATERNAL  WITH  THE  PECULIARITIES  OF  THE  PATER- 
NAL ORGANISM.  In  a  series  of  Essays  now  first  collected.  Fcap. 
8vo,  4s.  6d. 


ALEXANDER   HARVEY,  m.d. 

Emeritus  Professor  of  Materia  Medica  in  the  University  of  Aberdeen,  &c. 
AND 

ALEXANDER    DYCE    DAVIDSON,  m.d.,  f.r.s.  edin. 

Late  Regius  Professor  of  Materia  Medica  in  the  University  of  Aberdeen. 

SYLLABUS    OP    MATERIA  MEDICA   FOR    THE    USE 

OF  STUDENTS,  TEACHERS  AND  PRACTITIONERS  Based 
on  the  relative  values  of  articles  and  preparations  in  the  British 
Pharmacopoeia.     Eighth  Edition,  32mo,  is.  6d. 


K.    M.    HEANLEY. 

Matron  of  Boston  Cottage  Hospital. 


A  MANUAL  OP   URINE   TESTING.     Compiled  for  the 

use  of  Matrons,  Nurses,  and  Probationers.    Post  8vo,  is.  6d. 


GRAILY   HEWITT,  m.d. 

Professor  of  Midwifery  and  Diseases  of  Women  in  University  College,  Obstetrical  Physician 

to  University  College  Hospital,  &c. 

OUTLINES     OP    PICTORIAL     DIAGNOSIS    OP    DIS- 
EASES  OF   WOMEN.     Folio,  6s. 


BERKELEY  HILL,  m.b.  lond.,  f.r.c.s. 

Professor  of  Clinical  Surgery  in  University  College ;  Surgeon  to  University  College 
Hospital  and  to  the  Lock  Hospital. 

THE  ESSENTIALS  OP  BANDAGING.     With  directions 

for  Managing  Fractures  and  Dislocations  ;  for  administering  Ether  and 
Chloroform;  and  for  using  other  Surgical  Apparatus;  with  a  Chapter 
on  Surgrical  Landmarks.  Sixth  Edition,  revised  and  enlarged.  Illustrated 
by  144  Wood  Engravings,  crown  8vo,  5s.  [yust  published. 
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BERKELEY  HILL,  m.b.  lond.,  f.r.c.s. 

Professor  of  Clinical  Surgery  in  University  College  ;   Surgeon  to  University  College 
Hospital  and  to  the  Lock  Hospital. 


ARTHUR  COOPER,  l.r.c.p.,  m.r.c.s. 

Surgeon  to  the  Westminster  General  Dispensary. 


SYPHILIS   AND   LOCAL   CONTAG-IOUS   DISORDERS. 

Second  Edition,  entirely  re-written,  royal  8vo,  i8s. 


THE  STUDENT'S  MANUAL  OP  VENEREAL  DIS- 
EASES. Being  a  Concise  Description  of  those  Affections  and  of  their 
Treatment.     Fourth  Edition,  post  8vo,  2s.  6d. 


SIR  W.  JENNER,   Bart.,  m.d. 

Physician  in  Ordinary  to  H.M.  the  Queen,  and  to  H.R.H.  the  Prince  oj  Wales. 

THE     PRACTICAL    MEDICINE     OP     TO-DAY:      Two 

Addresses  delivered  before   the   British   Medical  Association,   and  the 
Epidemiological  Society,  (1869).     Small  8vo,  is.  6d. 


C.     M.     JESSOP,    M.R.c.p. 
Associate  of  King's  College,  London ;    Brigade  Surgeon  H.M.  British  Forces. 

ASIATIC    CHOLERA,    being  a  Report  on  an  Outbreak 

of  Epidemic   Cholera  in  1876  at  a  Camp  near  Murree  in  India.     With 
map,  demy  8vo,  2s.  6d. 


GEORGE    LINDSAY  JOHNSON,  m.a.,  m.b.,  b.c.  cantab. 

Clinical  Assistant,  late  House  Surgeon  and  Chlorofornnst,  Royal  Westminster  Ophthalmic 

Hospital,  &c. 

A  NEW  METHOD  OP  TREATING  CHRONIC  GLAU- 
COMA, based  on  Recent  Researches  into  its  Pathology.  With  Illus- 
trations and  coloured  frontispiece,  demy  8vo,  3s.  6d. 


RUSTOMJEE   NASERWANJEE    KHORY,  m.d.  brux. 

Member  of  the  Royal  College  of  Physicians. 

THE  PRINCIPLES  AND  PRACTICE   OP    MEDICINE. 

Second  Edition,  revised  and  much  enlarged,  2  vols.,  large  8vo,  28s. 


10  Catalogue  of  Wor'ks  Published  by  H.  K.  Lewis. 


NORMAN    W.    KINGSLEY,    m.d.s.,  d.d.s. 

President  of  the  Board  of  Censors  of  the  State  of  New  York;   Member  of  the  American 
A  cademy  of  Dental  Science,  &c. 

A      TREATISE      OW     ORAL      DEFORMITIES     AS      A 

BRANCH  OF  MECHANICAL  SURGERY.     With  over  350  Illustra- 
tions, 8vo,  i6s. 


E.  A.   KIRBY,  M.D.,   M.R.c.s.  eng. 

Late  Physician  to  the  City  Dispensary. 


A     PHARMACOPCEIA      OP     SELECTED     REMEDIES, 

WITH  THERAPEUTIC  ANNOTATIONS,  Notes  on  Alimentation 
in  Disease,  Air,  Massage,  Electricity  and  other  Supplementary  Remedial 
Agents,  and  a  Clinical  Index  ;  arranged  as  a  Handbook  for  Prescribers. 
Sixth  Edition,  enlarged  and  revised,  demy  4to,  7s. 

II. 

ON        THE       VALUE        OP       PHOSPHORUS      AS       A 

REMEDY  FOR  LOSS  OF  NERVE  POWER.  Fifth  Edition,  8vo, 
2S.  6d. 


J.  WICKHAM    LEGG,  f.r.c.p. 

Assistant  Physician  to  Saint  Bartholomew's  Hospital,  and  Lecturer  on  Pathological 
Anatomy  in  the  Medical  School. 


ON  THE  BILE,  JAUNDICE,  AND  BILIOUS  DISEASES. 

With  Illustrations  in  chromo-lithography,  719  pages,  roy.  8vo,  25s. 


A  GUIDE  TO  THE  EXAMINATION  OP  THE  URINE ; 

intended  chieflyfor  Clinical  Clerks  and  Students.     Sixth  Edition,  revised 
and  enlarged,  with  Illustrations,  fcap.  8vo,  2S.  6d. 

III. 

A      TREATISE      ON       H^^MOPHILIA,      SOMETIMES 

CALLED   THE   HEREDITARY    HEMORRHAGIC    DIATHESIS. 
Fcap.  4to,  7s.  6d. 


DR.   GEORGE    LEWIN. 


Professor  at  the  Fr.  With.  University,  and  Surgeon-in-Chief  of  the  Syphilitic  Wards  and 
Skin  Disease  Wards  of  the  Chariti  Hospital,  Berlin, 

THE  TREATMENT  OP  SYPHILIS  WITH  SUBCUTA- 
NEOUS SUBLIMATE  INJECTIONS.  Translated  by  Dr.  Carl 
Prcegle,  and  Dr.  E.  H.  Gale,  late  Surgeon  United  States  Army. 
Small  8vo,  7s. 


Catalogue  of  Works  Published  by  H.  K.  Lewis. 


11 


LEWIS'S    PRACTICAL    SERIES. 

Under  this  title  Mr.  Lewis  is  publishing  a  Series  of  Monographs,  em- 
bracing the  various  branches  of  Medicine  and  Surgery. 

The  volumes  are  written  by  well-known  Hospital  Physicians  and  Sur- 
geons, recognized  as  authorities  in  the  subjects  of  which  they  treat.  The 
works  are  intended  to  be  of  a  thoroughly  practical  nature,  calculated 
to  meet  the  requirements  of  the  general  practitioner,  and  to  present  the 
most  recent  information   in  a  compact  and  readable  form. 

TREATMENT  OF  DISEASE  IN  CHILDREN:  INCLUDING  THE  OUT- 
LINES OF  DIAGNOSIS  AND  THE  CHIEF  PATHOLOGICAL  DIFFER- 
ENCES BETWEEN  CHILDREN  AND  ADULTS.  By  ANGEL  MONE\, 
M.D.,  M.R.C.P.,  Assistant  Physician  to  the  Hospital  for  Children  Great  Ormond 
Street,  and  to  the  Victoria  Park  Chest  Hospital.    Crown  8vo,  los.  6d.  iKeaay. 

ON  FEVERS:   THEIR  HISTORY,  ETIOLOGY,    DIAGNOSIS,   PROGNOSIS, 


Russia.      Illustrated  with  Coloured  Plates,  crown  8vo,  8s.  6d.  iKeaay. 

HANDBOOK  OF  DISEASES  OF  THE  EAR  FOR  THE  USE  OF  STUDENTS 

AND  PRACTITIONERS.  By  URBAN  PRITCHARD,  M.D.  Edin  F.R.C.b. 
Eng.,  Professor  of  Aural  Surgery  at  King's  College,  London  ;  Aural  Surgeon  to 
King's  College  Hospital ;  Senior  Surgeon  to  the  Royal  Ear  Hospital.  Witn 
Illustrations,  crown  8vo,  4s.  6d.  iKeaa)  . 

A    PRACTICAL  TREATISE    ON    DISEASES    OF    THE    KIDNEYS    AND 

URINARY     DERANGEMENTS.     By    CHARLES    HENRY    RALFE,    MA 
M.D.  Cantab,   Fellow  of  the   Royal   College   of  Physicians,   London;    Assistant 
Physician  to  the  London  Hospital;    Examiner  in   Medicine  to  the  University  ot 
Durham,  etc.,  etc.    With  Illustrations,  crown  8vo,ios.  6d.  [Aeaay. 

DENTAL  SURGERY  FOR  GENERAL  PRACTITIONERS  AND  STUDENTS 

OF  MEDICINE.  Bv  ASHLEY  W.  BARRETT,  M.B.  Lond.,  M.R.C.S.,L.t^.b., 
Dental  Surgeon  to,  and  Lecturer  on  Dental  Surgery  and  Pathology  in  the  Medical 
School  of,  the  London  Hospital.    With  Illustrations,  cr.  8vo,  3s.  [t^eaay. 

BODILY  DEFORMITIES  AND  THEIR  TREATMENT:    A  HANDBOOK  OF 

PRACTICAL  ORTHOPEDICS.  By  H.  A.  REEVES,  F.R.C.S.  Edm  Senior 
Assistant  Surgeon  and  Teacher  of  Practical  Surgery  at  the  London  Hospital; 
Surgeon  to  the  Royal  Orthopedic  Hospital,  &c.  With  numerous  Illustrations, 
cr.  8vo,  8s  6d.  \.Keaay. 

Further  volumes  will  be  announced  in  due  course. 
***  Prospectus  of  the  Series  with  specimen  pages,  &c.,  on  application 


LEWIS'S  POCKET  CASE  BOOK  FOR  PRACTITIONERS 

AND    STUDENTS.     Designed  by  A.   T.    BRAND,  M.D.     Roan,  with 
pencil,  3s.  6d.  nett. 


LEWIS'S    POCKET    MEDICAL   VOCABULARY. 

Over  200  pp.,  32mo,  roan,  3s.  6d. 


J.    S.    LOMBARD,  m.d. 

Formerly  Assistant  Professor  0/  Physiology  in  Harvard  College. 
I. 

EXPERIMENTAL  RESEARCHES  ON  THE  REGIONAL 

TEMPERATURE   OF   THE    HEAD,  under  Conditions  of  Rest,  In- 
tellectual Activity  and  Emotion.     With  Illustrations,  8vo,  8s. 

II. 
ON  THE  NORMAL  TEMPERATURE  OP  THE  HEAD. 
Svo,  ss. 
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WILLIAM   THOMPSON    LUSK,  a.m.,  m.d. 
Professor  of  Obstetrics  and  Diseases  of  Women  in  the  Bellevue  Hospital  Medical  College,  &c. 

THE    SCIENCE    AND    ART    OP    MIDWIFERY.      Third 

Edition,  revised  and  enlarged,  with  numerous  Illustrations,  8vo,  i8s. 


JOHN     MACPHERSON,  m.d. 

Inspector-General  of  Hospitals  H.M.  Bengal  Army  (Retired). 
Author  of  "  Cholera  in  its  Home"  &c. 

I, 

ANNALS      OP     CHOLERA     PROM     THE     EARLIEST 

PERIODS   TO   THE  YEAR   1817.     With  a  map.     Demy  Svo,  7s.  6d. 

II. 

BATH,    CONTREXEVILLE,    AND    THE    LIME    SUL- 

PHATED  WATERS.    Crown  Svo,  2s.  6d, 


DR.    V.    MAGNAN. 

Physician  to  St.  Ann  Asylum,  Paris ;  Laureate  of  the  Institute. 

ON    ALCOHOLISM,    the    Various    Porms    of   Alcoholic 

Delirium  and  their  Treatment.     Translated  by  W.   S.    Greenfield, 
M.D.,  M.R.C.P.     Svo,  7s.  6d. 


A.  COWLEY  MALLEY,  b.a.,  h.b.,  b.ch.  t.c.d. 

PHOTO-MICROGRAPHY;     including    a    description   of 

the  Wet  Collodion  and  Gelatino-Bromide  Processes,  together  with  the 
best  methods  of  Mounting  and  Preparing  Microscopic  Objects  for  Photo- 
Micrography.  Second  Edition,  with  Photographs  and  Illustrations, 
crown  Svo,  7s.  6d. 


PATRICK    MANSON,    m.d.,  cm. 
Amoy,  China. 

THE  PILARIA  SANGUINIS  HOMINIS ;  AND  CER- 
TAIN NEW  FORMS  OF  PARASITIC  DISEASE  IN  INDIA, 
CHINA,  AND  WARM  COUNTRIES.  Illustrated  with  Plates  and 
Charts.    Svo,  los.  6d. 


PROFESSOR    MARTIN. 

MARTIN'S  ATLAS  OP  OBSTETRICS  AND  GYN-ZECO- 

LOGY.  Edited  by  A.  Martin,  Docent  in  the  University  of  Berlin. 
Translated  and  edited  with  additions  by  Fancourt  Barnes,  M.D., 
M.R.C  P,,  Physician  to  the  Chelsea  Hospital  for  Women  ;  Obstetric 
Physician  to  the  Great  Northern  Hospital ;  and  to  the  Royal 
Maternity  Charity  of  London,  &c.  Medium  4to,  Morocco  half  bound, 
31s.  6d.  neii. 
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WILLIAM  MARTINDALE,  f.c.s. 

Late  Examiner  of  the  Pharmaceutical  Society,  and  late  Teacher  of  Pharmacy  and  Demon- 
strator of  Materia  Medica  at  University  College. 

AND 

W.    WYNN    ^A^ESTCOTT,  m.b.  lond. 

Deputy  Coroner  for  Central  Middlesex. 

THE  EXTRA  PHARMACOPCEIA  with  the  additions  in- 
troduced into  the  British  Pharmacopoeia,  1885,  and  Medical  References, 
and  a  Therapeutic  Index  of  Diseases  and  Symptoms.  Fourth  Edition, 
revised  with  numerous  additions,  limp  roan,  med.  24mo,  7s. 

[Now  ready. 


WILLIAM    MARTINDALE,   f.c.s. 

Late  Examiner  of  the  Pharmaceutical  Soctety,  &c. 

COCA,    COCAINE,    AND    ITS    SALTS :     their   History, 

Medical  and  Economic  Uses,  and  Medicinal  Preparations.   Fcap  8vo,  2s. 


MATERIA  MEDICA  LABELS.     Adapted  for  Public  and 

Private  Collections.     Compiled  from  the  British  Pharmacopoeia  of  1885. 
The  Labels  are  arranged  in  Two  Divisions : — 

Division  I. — Comprises,  with  few  exceptions.  Substances  of  Organ- 
ized Structure,  obtained  from  the  Vegetable  and  Animal  King- 
doms. 

Division  II. — Comprises  Chemical  Materia  Medica,  including  Alco- 
hols, Alkaloids,  Sugars,  and  Neutral  Bodies. 

On  plain  paper,  los.  6d.  iiett.     On  gummed  paper,  12s.  6d.  nett. 
***  Specimens  of  the  Labels,  of  which  there  are  over  450,  will  be  sent  on  application. 


S.  E.   MAUNSELL,  l.r.c.s.i. 

Surgeon-Major,  Medical  Staff. 

NOTES     OP     MEDICAL     EXPERIENCES    IN     INDIA 

PRINCIPALLY   WITH    REFERENCE    TO   DISEASES   OF   THE 
EYE.     With  Map,  post  Svo,  3s.  6d. 


J.   F.  MEIGS,  M.D. 
Consulting  Physician  to  the  Children's  Hospital,  Philadelphia. 

AND 

W.    PEPPER,   M.D. 
Lecturer  on  Clinical  Medicine  in  the  University  of  Pennsylvania. 

A    PRACTICAL    TREATISE    ON    THE    DISEASES    OP 

CHILDREN.     Seventh  Edition,  revised  and  enlarged,  roy.  Svo,  28s. 
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Wm.   JULIUS    MICKLE,  m.d.,  m.r.c.p.  lond. 

Medical  Superintendent,  Grove  Hall  Asylum,  London,  &c. 

GENERAL    PARALYSIS     OF    THE    INSANE. 

Second  Edition,  enlarged  and  rewritten,  8vo,  14s. 


KENNETH    ^/V.    MILLICAN,  b.a.  cantab.,  m.r.c.s. 

THE  EVOLUTION  OP  MORBID   GERMS  :   A  Contribu- 

bution  to  Transcendental  Pathology.     Cr.  8vo,  3s.  6d. 


MONEY'S   DISEASE   IN    CHILDREN. 

[See  Lewis's  Practical  Series.] 


E.    A.    MORSHEAD,    m.r.c.s.,   l.r.c.p. 

Assistant  to  the  Professor  of  Medicine  in  University  College,  London. 

TABLES     OP    THE     PHYSIOLOGICAL    ACTION     OP 

DRUGS.     Fcap.  8vo,  is. 


A.     STANFORD     MORTON,    m.b.,   f.r.c.s.  ed. 

Surgeon  to  the  Royal  South  London  Ophthalmic  Hospital. 

REFRACTION    OF   THE    EYE:    Its  Diagnosis,    and  the 

Correction  of  its  Errors.     Third  Edition,  with  Illustrations,  small  Svo. 
3S. 


C.  W.  MANSELL  MOULLIN,  m.a.,  m.d.  oxon.,  f.r.c.s.  eng. 

Assistant  Surgeon  and  Senior  Demonstrator  of  Anatomy  at  the  London  Hospital ;  formerly 
Radcliffe  Travelling  Fellow  and  Fellow  of  Pembroke  College,  Oxford. 

SPRAINS;      THEIR    CONSEQUENCES    AND     TREAT- 
MENT.    Crown  Svo.  [^ttst  ready. 


PAUL  F.  MUNDE,  m.d. 

Professor  of  Gynecology  at  the  New  York  Polyclinic;  President  of  the  New  York  Obstetrical 
Society  and  Vice-President  of  the  British  Gynecological  Society,  &c. 

THE  MANAGEMENT  OF  PREGNANCY,  PARTURI- 
TION, AND  THE  PUERPERAL  STATE,  NORMAL  AND  AB- 
NORMAL.    Square  8vo.,  3s.  6d.  [Just  Published. 


WILLIAM     MURRELL,    m.d.,   f.r.c.p. 

Lecturer  on  Materia  Medica  and  Therapeutics  at  Westminster  Hospital ;    Examiner  in 
Materia  Medica  to  the  Royal  College  of  Physicians  of  London,  etc. 

I. 

MASSAGE    AS    A  MODE  OF   TREATMENT.    Third   Edit., 
with  Illustrations,  crown  8vo,  4s.  6d.  [Just  ptiblished. 

II. 
WHAT     TO    DO    IN    CASES     OP     POISONING.       Fifth 
Edition,  royal  32mo,  3s.  6d.  [jfust  published. 

III. 

NITRO- GLYCERINE    AS    A  REMEDY   FOR   ANGINA 

PECTORIS.     Crown  Svo,  3s.  6d. 
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DR.    FELIX  von  NIEMEYER. 

Late  Professor  of  Pathology  and  Therapeutics  ;  Director  of  the  Medical  Clinic  of  the 
University  of  Tubingen. 

A    TEXT-BOOK    OP    PRACTICAL    MEDICINE,    WITH 

PARTICULAR  REFERENCE  TO  PHYSIOLOGY  AND  PATHO- 
LOGICAL ANATOMY.  Translated  from  the  Eighth  German  Edition, 
by  special  permission  of  the  Author,  by  George  H.  Humphrey,  M.D., 
and  Charles  E.  Hackley,  M.D.  Revised  Edition,  2  vols.,  large  8vo,  36s. 


GEORGE    OLIVER,  m.d.,  f.r.c.p. 

I. 
THE    HARROGATE    WATERS:    Data  Chemical  and  Therapeu- 
tical, with   notes  on    the   Climate  of  Harrogate.      Addressed   to   the 
Medical  Profession.     Crown  8vo,  with  Map  of  the  Wells,  35.  6d. 

ON  BEDSIDE  URINE  TESTING:  a  CUnical  Guide  to  the 

Observation  of  Urine  in  the  course  of  Work.     Third  Edition,   revised 
and  enlarged,  fcap.  8vo,  3s.  6d. 


SAMUEL   OSBORN,   f.r.c.s. 

Assistant-Surgeon  to  the  Hospital  for  Women  ;  Surgeon  Royal  Naval  Artillery  Volunteers 

I. 

AMBULANCE       LECTURES  :      FIRST    AID.      With  Illus- 
trations, fcap.  8vo,  IS.  6d. 

II. 

AMBULANCE  LECTURES :   NURSING.     With  Illustrations, 
fcap.  Svo,  IS.  6d. 


ROBERT  W.  PARKER. 

Surgeon  to  the  East  London  Hospital  for  Children,  and  to  the  Grosvenor  Hospital  for 
Women  and  Children. 

I. 

TRACHEOTOMY  IN  LARYNGEAL   DIPHTHERIA, 

AFTER  TREATMENT  AND   COMPLICATIONS.     Second  Edition. 
With  Illustrations,  8vo,  5s. 

II. 
CONGENITAL     CLUB-FOOT;      ITS      NATURE      AND 

TREATMENT.     With  special  reference  to  the  subcutaneous  division 
of  Tarsal  Ligaments.     8vo,  7s.  6d. 


JOHN    S.    PARRY,  m.d. 

Obstetrician  to  the  Philadelphia  Hospital,  Vice-President  of  the  Obstetrical  and   Pathologi- 
cal Societies  of  Philadelphia,  &c. 

EXTRA-UTERINE  PREGNANCY  ;    Its  Causes,  Species, 

Pathological   Anatomy,    Clinical    History,     Diagnosis,    Prognosis     and 
Treatment.     Svo,  8s. 
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E.    RANDOLPH     PEASLEE,   m.d.,   ll.d. 

Late  Professor  of  Gynecology  in  the  Medical  Department  of  Dartmouth  College  ;   President 

of  the  New  York  Academy  of  Medicine,  &c.,  &c. 

OVARIAN  TUMOURS  :    Their  Pathology,  Diagnosis,  and 

Treatment,  especially  by  Ovariotomy.     Illustrations,  roy.  8vo,  i6s. 


G.    V.    POORE,    M.D.,    F.R.C.P. 

Professor  of  Medical  Jurisprudence,  University  College;  Assistant  Physician  to,  and  Physi- 
cian in  charge  of  the  Throat  Department  of,  University  College  Hospital. 

LECTURES  ON  THE  PHYSICAL   EXAMINATION    OP 

THE  MOUTH  AND  THROAT.     With  an  Appendix  of  Cases.     8vo, 
3s.  6d. 


R.   DOUGLAS    POWELL,  m.d.,  f.r.c.p.,   m.r.c.s. 

Physician  to  the  Middlesex  Hospital,  and  Physician  to  the  Hospital  for  Consumption  and 

Diseases  of  the  Chest  at  B-rompton. 

DISEASES  OP  THE  LUNGS  AND  PLEURA,  INCLUD- 
ING CONSUMPTION.  Third  Edition,  entirely  rewritten  and  en- 
larged.    With  coloured  plates  and  wood  engravings,  8vo,  i6s. 

[_jfust  published. 


PRITCHARD'S   DISEASES    OP  THE   EAR. 

[^See  Lewis's  Practical  Series.] 


CHARLES    W.    PURDY,    m.d.  (queen's  univ.) 
Professor  of  Genito-Urinary  and  Renal  Diseases  in  the  Chicago  Polyclinic,  &c.,  &c. 

BRIGHT'S  DISEASE  AND  THE  ALLIED  AFFECTIONS 

OF  THE  KIDNEYS.     With  Illustrations,  large  8vo,  8s.  6d. 


RALFE'S  DISEASES  OP  THE  KIDNEYS. 

ISee  Lewis's  Practical  Series.] 


REEVES'S  BODILY  DEFORMITIES. 

'iSee  Lewis's  Practical  Series.] 
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RALPH    RICHARDSON,  m.a.,  m.d. 

Fellow  of  the  College  of  Physicians,  Edinburgh. 

ON  THE  NATURE  OF  LIFE  :  An  Introductory  Chap- 
ter to  Pathology.  Second  Edition,  revised  and  enlarged.  Fcap.  4to, 
los.  6d. 


W.    RICHARDSON,    m.a.,   m.d.,   m.r.c.p. 

REMARKS  ON  DIABETES,  ESPECIALLY  IN  REFER- 
ENCE  TO   TREATMENT.     Demy  8vo,  4s.  6d. 


SYDNEY  RINGER,  m.d.,  f.r.s. 

Professor  of  the  Principles  and  Practice  of  Medicine  in  University  College j  Physician  to, 
and  Professor  of  Clinical  Medicine  in,  University  College  Hospital. 

I. 

A  HANDBOOK  OP  THERAPEUTICS.    Eleventh  Edition, 

thoroughly  revised,  8vo,  15s.  [Now  ready. 

II. 
ON  THE  TEMPERATURE  OF  THE  BODY  AS 

A  MEANS    OF  DIAGNOSIS  AND  PROGNOSIS    IN    PHTHISIS. 
Second  Edition,  small  8vo,  2S.  6d. 


FREDERICK   T.   ROBERTS,   m.d.,  b.sc,  f.r.c.p. 

Examiner  in  Medicine  at  the  Royal  College  of  Surgeons  ;   Professor  of  Therapeutics  in 

University  College ;  Physician  to  University  College  Hospital ;  Physician  to 

Brompton  Consumption  Hospital,  &c, 

I. 

A    HANDBOOK    OF    THE   THEORY   AND   PRACTICE 

OF    MEDICINE.      Sixth  Edition,  with  Illustrations,  in  one  volume, 
large  Svo,  revised  and  enlarged  to  over  1000  pages,  21s. 

***  Copies  may  also  be  had  bound  in  two  volumes  cloth  for  is.  6d.  extra. 


THE   OFFICINAL    MATERIA    MEDICA. 

Second  Edition,  entirely  rewritten  in  accordance  with  the  latest   British 
Pharmacopceia,  fcap.  Svo,  7s.  6d.  [jfust  published. 


R.   LAWTON    ROBERTS,   m.d.,  m.r.c.s. 

ILLUSTRATED  LECTURES  ON  AMBULANCE  WORK. 

Second  Edition,  copiously  Illustrated,  crown  Svo,  2s.  6d. 
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A.    R.   ROBINSON,  m.b.,  l.r.c.p.,  and  l.r.c.s.  edin. 

Professor  of  Dermatology  at  the  New  York  Polyclinic. 

A    MANUAL     OF     DERMATOLOGY.     With   88  Illustrations, 
large  8vo,  21s. 


ROBSON   ROOSE,  m.d. 

Fellow  of  the  Royal  College  of  Physicians  in  Edinburgh. 

GOUT,    AND    ITS     RELATIONS     TO     DISEASES    OP 

THE   LIVER  AND   KIDNEYS.      Fourth  Edition,  crown  8vo,  3s.  6d. 

[In  the  press. 


D.  B.   St.    JOHN    ROOSA,  m.a.,  m.d. 

Professor  of  Diseases  of  the  Eye  and  Ear  in  the  University  of  the  City  of  New  York  ;  Surgeon 

to  the  Manhattan  Eye  and  Ear  Hospital ;  Consulting  Surgeon  to  the  Brooklyn  Eye 

and  Ear  Hospital,  &c.,  &c. 

A    PRACTICAL    TREATISE    ON    THE    DISEASES    OP 

THE    EAR,   including  the  Anatomy  of  the    Organ.       Sixth  Edition, 
Illustrated  by  wood  engravings  and  chromo-lithographs,  large  8vo,  25  s. 


J,    BURDON    SANDERSON,  m.d.,  ll.d.,  f.r.s. 

Jodrell  Professor  of  Physiology  in  University  College,  London. 

UNIVERSITY    COLLEGE    COURSE     OP    PRACTICAL 

EXERCISES  IN  PHYSIOLOGY.  With  the  co-operation  of  F.  J.  M. 
Page,  B.Sc,  F.C.S.  ;  W.  North,  B.A.,  F.C.S.,  and  Aug.  Waller,  M.D. 
Demy  Svo,  3s.  6d. 


W.   H.    O.    SANKEY,  m.d.  lond.,   f.r.c.p. 

Late  Lecturer  on  Mental  Diseases,  University  College  and  School  of  Medicine  for  Women, 

London;  Formerly  Medical  Superintendent  (Female  Department)  of  Hanwell 

Asylum;  President  of  Medico-Psychological  Society,  &c. 

LECTURES   ON   MENTAL   DISEASE.     Second  Edition,  with 
coloured  plates,  Svo,  12s.  6d. 


JOHN   SAVORY. 

Member  of  the  Society  of  Apothecaries,  London. 

A    COMPENDIUM    OP    DOMESTIC    MEDICINE    AND 

COMPANION     TO     THE     MEDICINE     CHEST:     Intended    as   a 
source  of  easy  reference  for  Clergymen,   Master  Mariners,   and  Tra- 
vellers ;  and  for  Families  resident  at  a  distance  from  professional  assist- 
.   ance.     Tenth  Edition,  sm.  Svo,  5R.  [Now  ready. 
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ALDER    SMITH,   m.b.  lond.,  f.r.c.s. 

Resident  Medical  Officer,  Christ's  Hospital,  London. 

RIIiTGWOaM:    Its  Diagnosis  and  Treatment.     Third  Edit, 
rewritten  and  enlarged.     With  Illustrations,  fcap.  8vo,  5s.  6d. 


J.    LEWIS    SMITH,  M.D. 

Physician  to  the  New  York  Infants'  Hospital ;    Clinical  Lecturer  on  Diseases  of  Children 

in  Belleviie  Hospital  Medical  College. 

A    TREATISE    ON     THE     DISEASES     OF     lETATTCY 
AND   CHILDHOOD,     Fifth  Edition,  with  Illustrations,  large  8vo,  215 


FRANCIS  VS^.    SMITH,  m.b.,  b.s. 

THE  SALINE  WATERS  OE  LEAMINGTON.    Second  Edit., 
with  Illustrations,  crown  8vo,  is,  nett. 


JAMES    STARTIN,  m.b.,  m.r.c.s. 
Surgeon  and  Joint  Lecturer  to  St.  John's  Hospital  for  Diseases  of  the  Skin. 

LECTURES     ON     THE     PARASITIC     DISEASES     OF 

THE   SKIN.      VEGETOID   AND   ANIMAL.       With   Illustrations, 
crown  8vo,  2s.  6d. 


LEWIS    A.    STIMSON,  b.a.,  m.d. 

Surgeon  to  the  Presbyterian  and  Bellevue  Hospitals  ;  Professor  of  Clinical  Surgery  in  the 
Medical  Faculty  of  the  University  of  the  City  of  New  York,  &c. 

A  MANUAL  OF  OPERATIVE  SURGERY.     With  three 

hundred  and  forty-two  Illustrations.      Second  Edit.,  post  8vo,  los.  6d. 

[Just  published. 


ADOLF    STRUMPELL. 

Director  of  the  Medical  Clinic  in  the  University  of  Erlangen. 

TEXT-BOOK     OF     MEDICINE     FOR     STUDENTS 

AND  PRACTITIONERS.  Translated  from  the  latest  German  edition 
by  Dr.  H.  F.  Vickery  and  Dr.  P.  C.  Knapp,  with  Editorial  Notes  by 
Dr.  F.  C.  Shattuck,  Visiting  Physician  to  the  Massachusetts  General 
Hospital,  etc.  Complete  in  one  large  vol.,  imp.  8vo,  with  iii  Illustra- 
tions, 28s.  [jfust  published. 


C.     W.     SUCKLING,   M.D.  LOND.,   m.r.c.p. 

Professor  of  Materia  Medica  and  Therapeutics  at  the  Queen's  College,  Physician  to  the 
Qtieen's  Hospital,  Birmingham,  etc, 

ON     THE      DIAGNOSIS      OF      DISEASES      OF      THE 

BRAIN,     SPINAL     CORD,     AND     NERVES.       With    Illustrations, 
crown  8vo,  8s,  6d.  [ynst  published. 
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JOHN    BLAND    SUTTON,  f.r.c.s. 

LecUirer  on  Comparative  Anatomy,  Senior  Demonstrator  of  Anatomy ,  and  Assistant  Surgeon 

to  the  Middlesex  Hospital ;  Erasmus  Wilson  Lecturer,  Royal  College  of 

Surgeons,  England. 

LIGAMENTS :    THEIR  NATURE  AND  MORPHOLOG-Y. 

With  numerous  Illustrations,  post  8vo,  4s.  6d.  {Now  ready. 


HENRY   R.  S\A;'ANZY,  a.m.,  m.b.,  f.r.c.s.i. 

Examiner  in  Ophthalmic  Surgery  at  the  Royal  College  of  Surgeons,  Ireland  ;  Surgeon  to  the 

National  Eye  and  Ear  Infirmary,  Dublin  ;  Ophthalmic  Surgeon  at  the 

A  delaide  Hospital,  Dublin. 

HANDBOOK  OP  DISEASES  OP  THE  EYE  AND  THEIR 

TREATMENT.     Illustrated  with  wood-engravings,  colour  tests,  etc., 
large  post  8vo,  los.  6d. 


JOHN    DAVIES   THOMAS,   m.d.  lond.,  f.r.c.s.  eng. 

Physician  to  the  Adelaide  Hospital,  S.  Australia. 

I. 

HYDATID  DISEASE,  WITH    SPECIAL    REFERENCE 

TO   ITS   PREVALENCE   IN   AUSTRALIA.     Demy  8vo,  los.  6d. 

II. 
HYDATID  DISEASE   OP  THE  LUNGS.    Demy  Svo,  2s. 


HUGH    OWEN    THOMAS,  m.r.c.s. 

I. 
DISEASES      OP      THE     HIP,     KNEE,    AND      ANKLE 

JOINTS,  with  their  Deformities,  treated  by  a  new  and  efficient  method. 
Second  Edition,  Svo,  25s. 

II. 
CONTRIBUTIONS  TO  MEDICINE  AND  SURGERY:— 

Part  i. — Intestinal  Obstruction  ;   with  an  Appendix  on  the  Action  of 
Remedies.     los. 
„       2. — The  Principles  of  the  Treatment  of  Joint  Disease,  Inflamma- 
tion, Anchylosis,  Reduction  of  Joint  Deformity,  Bone  Set- 
ting.    5s. 
,,       4. — The  Collegian  of  1666  and  the  Collegians  of  1885  ;  or  what  is 

recognised  treatment?     2s.  6d. 
,,       5. — On  Fractures  of  the  Lower  Jaw.     is. 

,,       6. — The  Principles  of  the  Treatment  of  Fractures  and  Disloca- 
tions.    lOS. 
,,      8. — The  Inhibition  of  Nerves  by  Drugs.     Proof  that  Inhibitory 
Nerve-Fibres  do  not  exist,     is. 
(Parts  3,  7,  9,  10,  are  in  preparation). 
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J.   ASHBURTON   THOMPSON,  m.r.c.s. 

Late  Surgeon  at  King's  Cross  to  the  Great  Northern  Railway  Company. 

FREE  PHOSPHORUS  IN  MEDICINE  WITH  SPE- 
CIAL REFERENCE  TO  ITS  USE  IN  NEURALGIA.  A  contribution 
to  Materia  Medica  and  Therapeutics.  An  account  of  the  History,  Phar- 
maceutical Preparations,  Dose,  Internal  Administration,  and  Therapeu- 
tic uses  of  Phosphorus ;  with  a  Complete  Bibliography  of  this  subject, 
referring  to  nearly  200  works  upon  it.     Demy  8vo,  7s.  6d. 


J.   C.   THORO"WGOOD,  m.d. 
Assistant  Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest. 

THE    CLIMATIC    TREATMENT    OP    CONSUMPTION 

AND   CHRONIC  LUNG  DISEASES.    Third  Edition,  post  8vo,  3s  6d. 


EDWARD   T.   TIBBITS,   m.d.  lond. 

Physician  to  the  Bradford  Infirmary  ;  and  to  the  Bradford  Fever  Hospital. 

MEDICAL  FASHIONS  IN  THE  NINETEENTH  CEN- 
TURY, including  a  Sketch  of  Bacterio-Mania  and  the  Battle  of  the 
Bacilli.     Crown  8vo,  2S.  6d. 


H.     H.     TOOTH,     M.A.,    M.D.,    M.R.C.P. 
Assistant  Demonstrator  of  Physiology  at  St.  Bartholomew's  Hospital. 

THE  PERONEAL  TYPE   OF  PROGRESSIVE    MUSCU- 
LAR ATROPHY.     Svo,  is. 


FREDERICK   TREVES,   f.r.c.s. 

Hunterian  Professor  at  the  Royal  College  of  Surgeons  of  England  ;  Surgeon  to  and  Lecture? 
on  Anatomy  at  the  London  Hospital. 
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